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FOREWORD 


This report was prepared by Aeronutronic, a division of the Philco 
Corporation, Newport Beach, California under USAF Oentraet No. AF 
33(615)-1632. This contract was initiated under Project Ne. 7345, 
"Nonmetallic and Composite Materials", Taek No. 73001, "Thermally 
Protective Plastic and Comro.ites". The work was administered under 
the direction of the Nonmetallic Materials Division, AF Materials 
Laboratory, Research and Technology Division, with Mr. Paul F. Pirrung 
as project engineer. The Aeronutronic Publication number is U-3356, 


All research nozzles were furnished by the Nonmetaliic Materiais 
Division, Air Force Materials Laboratory, Research end Technology 
Division. Most of the rocket nozzle inserts were fabricated by the 
Bughes Aircraft Company under Air Force Contract. Further informa- 
tion on the Zabrication of these nozzle inserts is in ML-TDR-6)~222 
and AFML-TR-65-9), dated June 196 and April 1965 respectively. Roth 
reports are titled, "New Ablative Plastics and Composites, Their Form- 
ulation and Processing" and both were authored by L. B. Keller, B. 

G. Kimmel and G. Schwartz. 


This report covers work from 15 dune 196 to 30 June 1965. 


Manuscript released by authors, 1 July 1965, for publication as 
an AFML Technical Report. 


This technical report has been reviewed and is approved. 
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H, &. SCHWARTZ, Chief 

Plastics and Composites Branch 
Nonmetallic Materials Division 
Air Force Materials Laboratory 
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New chemical compositions and physical constructions of ablative materials 
were exposed in a small scale, high temperature Aeronutrenic solid propel- 
lant rocket motor simulator aad a liquid propellant (nitrogen tetroxide - 
50 percent hydrazine and 56 percent unsymmetrical dimethylhydrazine) 
combustion gas environment to determine the potential usefulness of these 
materials for hyperenvironmental conditions associated with current and 
future solid and Liquid propellent motors. 
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Material erosion and thermal insulation characteristics of the research 
nozzles were evaluated by comparisons of chamber pressure versus time data, 
erosion and resin degradation rates, and visual photographic data, 
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Research nozzle specimens were exposed in two (2) groups to the exhaust 
environment of a simulated solid propellant having a flame temperature of 
5800°F and being highly aluminized, ‘est Series 1 contained thirty (30) 
nozzle specimens and Test Series 2 contained twenty-four (24) specimens, 
Test resuits and preliminary specimen evaluation indicated that the 
Aeronutronic solid propellant simulator exhaust environment provided 

the specified exhaust environment with the required repeatable test 
screening characteristics to enable valid material evaluations. 
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A total of seventy (70) nozzles were expoged to the exhaust environment 
of the liquid rocket motor (NTO/50-50). In the initial phase the motor 
injector was modified to provide optimum erosion geometry characteristics 
prior to research nozzle testing. Test results indicated that the 
specified nominal test conditions were met and enabled valid material 
evaluation, 
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Several new ablative plastic composites were found to have ablative per- 
formance characteristics superior to the state-of-the-art carbon~phenolic 
and silica-phenolic composites. 
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A variety of high performance thermally protective materiais are being 
generated: on a continuing ‘basis as a result of numerous research programs 
in this area, Many of these materials, because of their unique properties 
and characteristics, are intended for use in futuré solid propellant and 
liquid motor exhaust environments. Many of the new ablative composites or 
their components are sensitive to temperature, erosion, and chemical attack 
by certain rocket exhaust gases. 
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The object of this program is to determine the material erosion and thermal 
insulation characteristics of new ablative plastic and composite materials 
intended for use in current and future rocket nozzle environments. Research 
materials. are exposed in an exhaust environment which will allow comparisons 
of behaviour among different ablative materials and provide reliable infor- 
mation on rocket motor performance characteristics in the throat of a 
rocket nozzle. Test device capability includes simulation of the chemical 
composition of current and future solid and liquid propellant exhausts. 
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The work done during this twelve month period of the program consisted of 
testing fifty-four (54) research nozzles in a solid propellant exhaust 
environment which had a flame temperature of 5800°F and which was highly 
aluminized; and testing seventy (70) additional research nozzles in a 
liquid propellant motor exhaust environment. The liquid propellants were 
nitrogen tetroxide (NTO) and a mixture by volume of 50 percent hydrazine 
and 50 percent unsymmetrical dimethylhydrazine (50-50) at an oxidizer to 
fuel mixture ratio of 1.6 to 1.0. Nozzle specimens and test data were 
evaluated and presented in tabulated, graphical, and photographic forms to 
allow comparisons of behaviour by the Air Force Materials Laboratory. A 
summary materials evaluation is included based on these data. 
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SOLID PROPELLANT COMBUSTION, GAS SIMULATION TESTS 


GENERAL DISCUSSICN 
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The solid propellant combustion gas simulation tests were conducted. in two 
groupings. Test ‘eries 1 comprised thirty ablative nozzle test specimens 
and Test Series 2 comprised twenty-four ablative nozzle test specimens. 
Tables 14 and 1B present description of the nozzle test specimens tested. 


The solid propellant simulators located at the Aeronutronic Aerothermo- 

chemical {ATC) laboratory at the Newport Beach location were utilized for 
these tests. Figure 1 is an overall view of a portion of the ATC complex 
showing some of these test cells. Figure 2 is an overall view of the test 
cell control room. Figure 3 shows the rocket motor firing in a test cell. 


Check run data calculations resulted in the solid propellant simulator 
average combustion efficiency for Test Series 1 being 97.1 pércent and for 
Test Series 2 being 96.2 percent, This was sufficient indication that 
simulation was being achieved. 


An initial evaluation of conical versus tubular throat nozzle specimens 
was conducted as part of Test Series 1 to determine if resultant test data 
would indicate an optimum configuration. Although the tubular throat had 
an advantage in evaluating nozzle char depth, the cc *.31 throat was re- 
tained as the permanent configuration due to its prev.su. standardization 
and acceptability of data for evaluation, ~— 
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Also, one nozzle in Test Series 2 was fitted with a graphite entrance . 
section rather than the standard phenolic configuration to evaluate the ¢ 
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effect of nozzle section undercutting. Post test evaluation indicated as 
side effects due to heat absorption characteristics that resulted in no he! 
advantage of the graphite entrance section to that of the standard pa 
. configuration. oi 
#, 
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The summary nozzle specimen materials evaluations consisted of a ‘an 
preliminary review to indicate trends some of which were exhibited. BS 
a veg 

Ra 

ks 

rs 

{ , 

7? 

2 ‘a a 

fa 

= 


eee 
ar eel ahs 
vErr - 
‘ge 0 ara eet: ia 


apts DTY haba 
PS 
Sah 


6 4 9 


if 
I 
i 
{ 
i 
| 
\ 
} 
3 
{ 
‘ 
1H 
\ 
i 
t 
t 
i 
| 
t 
\ 


“ae F; a oe ~ 
a % FH POTS ee teat eter at et sete Ree te ee 


Ee 


The Aeronutronic Solid Propellant Combustion Gas Simulator 


Simulation Procedure 


The rocket engine exhaust gas generator used for this program is e sophis- 
i ticated device for identically reproducing the combustion products compo- 
: sition and temperature of a solid propellant by use of a propellant system 
employing only liquids, gases, or slurries. This Aeronutronic developed 
device has been perfected over the past six years, so that it is now 
operating on a roucine basis as a highly successful research tool, 
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A given solid propellant can be exactly duplicated by any of a large number 
of combinations of liquid, gaseous, and/or slurry systems. The duplica- 
tions are achieved with respect to both chamber temperature and chamber 
combustion products. 
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§ The composition and thermodynamic properties of the equilibrium products 

$ of a combustion pracess are uniquely determined by the atomic composition, 
the temperature, and the pressure. Pressure, as an independent variable, 
is usually specified in advance. The adiabatic flame temperature is 
determined by the heats of formation of the reacting propellant ingredients 
and their products. 
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Thus, in order to simulate a solid propellant with a liquid or gaseous 
system, the important parameters are atomic composition and enthalpy change. 
For example, if the solid propellant to be simulated contains six atomic 
species, it is possible to selec: six chemicals which contain the desired 
clements. Then, by a simple mass-balance process, the composition can be 
precisely determined. If an additional chemical is added, the heat balance 
equation can aiso be satisfied, such that not only the atomic composition, 
but also the temperature of the combustion products is reproduced. In the 
completely general case, n + 1 ingredients are needed, where n is the 
number of elements in the solid propellant. In practice, however, fluid 
propellants can usually be found which combine se:.eral of the requisite 
elements, and then fewer than n + 1 ingredients are required. 
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Finally, as a control on the simulation procedure, every proposed simulator 
composition is checked on the Aeronutronic computer before firing to assure 
that the flame temperature and gas composition are identical to the solid 
propellant being simulated. 


The exhaust gas composition for the highly aluminized 5800°F solid propel- 
lant used in this program is shown on the following page. 
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ALUMINIZED SOLID PROPELLANT SIMULATION in 
| 
Species Molecular Weight Moles/100 Grams Weight % fs 
| ne. 
j 
Al Cl (g) 62.44 0,0113 0,71 i 1 
Al cL, (8) 97.89 0.0209 2.04 ae 
co (g) 28.01 0.7857 22.01 | 
co, (g) 44,01 0.0787 3.46 | 
Ps 
C1 (g) 35.46 0.0588 2.08 ‘| 
RCL (g) 36.47 0.5081 18,53 7 
HO (g) 17.00 0.0551 0.94 = 
H, (g) 2.02 6.8845 1.78 “| 
H, 0 (8) 18.02 0.6992 12.60 
N, (g) 28.02 0.3101 8.68 | 
A1,0, (c) 101.96 0.2613 26.64 
Other (minor species) 0.53 
100.90% 
Note: Simulation is at 500 psia chamber pressure and 3425°K 
chamber temperature 
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The Aeronutronic Solid Propellant Combustion Gas Simulator 
Simulation. Procedure 


The rocket engine exhaust gas generator used for this program is a sophis- 
ticated device for identically reproducing the combustion products compo- 
sition and temperature of a solid propellant by use of a propellant system 
employing only liquids, gases, or slurries. This Aeronutronic developed 
device has been perfected aver the past six years, so that it is now 
operating on a routine basis as a highly succeseful research tool. 


A given solid propellant can be exactly duplicated by any of a Large number 
of combinations of liquid, gaseous, and/or slurry systems. The duplica- 
tions are achieved with respect to both chamber temperature and chamber 
combustion products. 


The composition and thermodynamic properties of the equilibrium products 
of a combustion process are uniquely determined by the atomic composition, 
the temperature, and the pressure. Pressure, as an independent variable, 
is usually specified in advance. The adiabatic flame temperature is 
determined by the heats of formation of the reacting prepellant ingredients 
and their products. 


Thus, in order to simulate a solid propellant with a liquid or gaseous 
system, the important parameters are atomic composition and enthalpy change. 
For example, 1f the solid propellant to be simulated contains six atomic 
species, it is possible to seléct six chemicals which contain the desired 
elements. Then, by a simple mass-balance process, the composition can be 
precisely determined. If an additional chemical is added, the heat balance 
equation can also be satisfied, such that not only the atomic composition, 
but also the temperature of the combustion products is reproduced. In the 
completely general case, n+ 1 ingredients are needed, where n is the 
number of elements in the solid propellant. In practice, however, fluid 
prepellants can usually be found which combine several of the requisite 
elements, and then fewer than n + 1 ingredients are required. 


Finally, as a control on the simulation procedure, every proposed simulator 
composition is checked on the Aeronutronic computer before firing to assure 
that the flame temperature and ges composition are identical to the solid 
propellant being simulated. 


The exhaust gas composition for the highly aluminized 5800°F solid propel- 
lant used in this program is shown on the following page. 
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0.09 
0.04 


0.02 
100.00 percent 


1,22 
17.24 
10.32 

9.33 
18.89 


18.73 
24.12 


Percent by Weight 
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Other (minor species) 


Constituent 
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Solid Propellant Simulator, Propellant Feed Systems, Controls 
‘and Instrumentation == = =§ — Syst 2 v= = 


Aeronutronic has designed the aclid propellant simulator esp cially for 
material testing. In achieving this goal, the simulator system has been 
designed to provide a constant flow of propellants independent of varia- 
tions in chamber pressure. ‘The simulator rocket motor hardware consists of 
a combustion chamber, .a propellant feed injector, a nozzle holder, and the 
ablative nozzle test specimen. During the past five years the design of a 
representative solid propellant simulator has evolved into its present 
configuration, 
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The combustion chamber is a water cooled copper lined combustion chamber 
with an inside diametex of 3 inches at the injector end and 2.56 inches at 
the nozzle specimen end, with an overall length of 22-5/8 inches. 


The propellant feed injector is made of copper. The injectants for the 
specified simulation were gaseous oxygen, gaseous nitrogen, gaseous hydro- 
gen, and an aluminized slurry. Criteria pertinent to heat transfer, pres- 
sure drop, and impingement patterns were carefully employed in the design 
of the injector. The chamber and nozzle holder were designed to accept 

the test nozzle specimens which were furnished to Aeronutronic for this test 
evaluation program. These test specimens consist of an assembly comprising 
of a nozzle housing insert mold of refrasil phenolic into which the test 
ablative nozzle materials are inserted, Figure 4 presents a schematic of 
the injector. Figure 5 is a photo of the injector, chamber, and nozzle 
holder assembly. Figure 6 is a schematic of a typical test nozzle specimen, 


The propellant feed systems are designed to provide constant flow independent 
of chamber pressure. The flow of each gas andthe slurry propellant is inde- 
pendent of chamber pressure and each of the other propellants, Each of the 
gaseous oxygen, hydrogen, and nitrogen propellants feed systems includes a 
block valve, regulator, sonic nozzle, firing valve, bleed valve, pressure 
transducers, and thermocouples. The gases flow rate is controlled and 
measured by setting and recording the pressure upstream of the sonic nozzle. 
The setting of the flows are made under the exact flow conditions as during 
the run thus assuring reproducibility of the desired propellant flow rates. 
The slurry propellant is prepared in a mixer under carefully controlled 
conditions and then transferred into a run tank containing a floating pis- 
ton. The slurry is expelled from the run tank during a test run by dis- 
placing the slurry with RP-1 fluid. Metering of the slurry is provided by 
controlling the volumetric amount of RP-1 which is used to displace the 
slurry. The metering of the RP-1 is provided by the setting of the RP-+] 
tank pressure and the use of a cavitating venturi. The flow rate through 
the cavitating venturi is determined by the area of the venturi, the up- 
stream pressure, and the vapor pressure of the RP~1 fluid. 
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¥ The system employed duting these teste provides a differential (AP) pressure 
i in the order of 1200 psi, thus the small variations in tank pressure results 
:. in minute changes in slurry flow rate. Figure 7 presente a test schematic 
% of Aeronutronic's .solid propellant simulator system, 
53 E 
e In-order to achieve the desired starting transients which are representative 
- of a. solid propellant motor, extreme care has to be observed in the timing 
‘ of the firing vaives. The timing of the control valves are controlled 
a through a sequenced timer. During this test sequence, two shutdown criteria 
H were used--one was time, ‘the other pressure, whichever occurred first, The 
¢ pressure shutdown was accomplished by the use of an automatic pressure con- 
¢ trol electronic circuit. The actual shutdown occurred approximately 1 sec- 
FS ond after the initiation of the shutdown circuit, thus allowing the shutdown 
. to be accomplished with the sequence timer, 
; The instrumentation used during this sequence of tests is as follows: 
. Dynisco “direct current" transducers were employed for all pressure measure- 


ments, The combined linearity and hysteresis of these transducers were heid 
to better than 0.25 percent, Individual 10 volt excitation is provided to 
each transducer using Systems Research range and balance units. All temper- 
atures were recorded using thermocouples conditioned for recording, utiliz- 
ing a Pace thermocouple control unit. Gaseous flows were determined by 
measuring sonic nozzle upstream pressure and by the configuration of the 
sonic nozzle, The flow rate is then calculated by the appropriste flow 
equation and a series of correction graphs which compensates for tempera- 
ture, upstream pressure, and gas medium. These formulas and corrections 
were developed through a computer program especially designed for deter- 
mining propellant flow using high pressure sonic nozzles in the appropriate 
egize range. The verification of this method of measuring flow has been 
documented using turbine type flow meters which were calibrated at the 
University of Colorado, RP-1 flow is measured using a Waugh turbine type 
flow meter, All data recorded during this test series were on a CEC 
oscillograph. The overall system accuracy achieved during this test 

series is better than +1.5 percent. 


Propellant System Characterization 


The solid propellant which was simulated is characterized by its combustion 
temperature, characteristic velocity, and its exhaust species. The theoretical 
values were then calculated based upen the ingredients which make up the 
propellant and the chamber pressure at which the system is to operate 

(i.e., 500 psia). 


When the selected chemical ingredients are introduced into the combustion 
chamber and are allowed to react, the system is treated as a conventional 
rocket motor, which it is, wherein the combustion performance can be evalu- 
ated in accordance with accepted techniques. Utilizing the relationships 
among pressure, mass flow rates, and geometry tq determine characteristic 
velocity (C*); if the experimental value approaches the theoretical C*, 
then this is sufficient indication that simulation has been achieved. 
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Prior to testing any ablative nozzle specimens, short check runs weré 
conducted on basically noneroding (graphite) nozzles. This permitted 
accurate definition of the throat area for simulation efficiency evaluation. 
Measurements made during each check firing are chamber pressure, propellant 
flow rates, and initial and final throat areas. From these measurements 

the experimental characteristic velocity is determined and combustion effi- 
ciency calculated, 


x 


Chamber pressure is obtained in a straightforward manner, employing a 
pressure transducer to sense pressuré at a tap in the combustion chamber. 
The output from this transducer is converted to an oscillogram. Two trans- 
ducers are utilized to provide redundancy for this parameter. 
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Flow rates are measured by methods best suited to each propellant. Gas 
flows are determined by measuring temperature and pressure upstream of 
sonic nozzles with known effective flow areas. 
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Bs By virtue of the displacement technique employed to transfer the aluminized 
slurry (which contains solids in suspension), slurry flow rates are deter- 
mined by measuring the volumetric flow rate of the displacement fluid. 
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Reproducibility of experimental or test conditions to ensure a common com- 


i parative base is largely dependent on the measurement of propellant flow 
i ‘eal meter outputs, pressures, and system temperatures. , 
e 

: ™ Current technology for measurement of slurry flow rates in the Aeronutronic 

- a solid propellant simulator is based on measuring the flow rate of the 
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transfer medium which displaces a known volume within a zero-leakage cylinder. 
A turbine type flow-meter is utilized to measure this flow rate. Overall 
accuracy of the measurement is dependent primarily on dynamic fluid correction, 
basic flow meter calibration, and instrumentation system accuracies. 


ae 


Preset flow rates, monitored by means of pulse counting techniques (elec- 
tronic counter), provides a system accuracy of better than +0.5 percent, 

while flow measurement conducted during the run via analog recording pro- 
vides an overall accuracy of +1.5 percent. 


Gaseous flow rates are measured by utilizing critical flow venturis 
designed according to classic principles and flow calibration techniques. 
Here again the accuracy is primarily dependent on following good design 
and fabrication techniques and verification of discharge characteristics. 
Measurement of flow-associated pressures and temperatures by pressure 
transducers and thermocouples provide the remaining basis for computation 
of the flow rates. Overall accuracy of this flow measurement and recorded 
data is +1.5 percent. 


Measurement of all pressure parameters is made utilizing high-frequency 
bonded strain-gage pressure transducers, associated conditioning equipment, 
and galvanometer oscillographic recorders. Transfer function of each 
transducer channel is periodically verified with pressure standards and 
derived electrical equivalents. System accuracy is better than 1.5 
percent. 
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Test Conditions r 


All simulator testing was conducted utilizing a solid propeliant simulation 
specified by the Nonmetallic Materials Division, Air Force Materials. Labora- 
tory, Research and Technology Division. ‘The specified propellant had an 
equilibrium characteristic velocity (C*) of 5212 ft/sec and.a flame temper- ee 
ature of 5800°F, 


The weight flows "desired" for each propellant system were as follows: y 
60, = (0.215 pps Slurry Composition a3 
(% of Total Propellant) ‘| 
GN, = 0.051 pps ad 
Al 10.68% 
GH, = 0.014 pps A190 8,04 a 
Trichlorethane 27. i 
Slurry = 0.313 pps aca el 
Jelli ‘ c 
Total = 0.593 pps ng Agent anC0 q 


Test firing standard parameters for 411 nozzle specimen runs were as 
follows: sa 
t 


Initial Chamber Pressure: 500 psia (as determined by checkrun 
graphite nozzles) sae 


Run Duration: 60 seconds or chamber preseure reduction te 
150 psia, whichever occurred first. we 


Check Run Performance 


Check runs were compicted prior to the actual specimen nozzle firings in : 
each group. Check runs were performed for the following reasons: | 


(1) To demonstrate proper simulation. ' 


(2) To optimize start transients of the various 
propellants. 


(3) To optimize simulator propellant flows, rocket 
motor performance, and demonstrate repeatability. 


(4) To experimentally verify a constant C* value for 
the simulator, to enable calculations for the 
equivalent erosion rate based on chamber 
pressure, 
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The solid propellant simulator check run performance is presented in 
Table 2, All check runs were conducted utilizing graphite nozzles with a 
9.500 inch nominal throat. Nine (9) performance check runs were made for 
the first test series. Because the solid propellant simulation perform- 
ance had been optimized in the first test series only three (3) check runs 
were required for conducting the second test series. 


“ase 
3 Ga 


During the check run. series, a realistic value of characteristic 

velocity (C*) was obtained which was subsequently used for area 
calculations. The solid propellant simulator combustion efficiency was 
calculated at the end of each run. For these calculations the nozzle 
throat diameter was measured aftér each run. Due to the short test dura- 
tions {about nine seconds), the graphite check nozzle throat usually had 
eroded very slightly and was easily measured, 


mages a 


The average combustion efficient for the check runs was 97.1 percent for 
the first set and 96.2 percent for the second set. 


Test Evaluation Techniques 


Chamber Pressure versus Time Curves 


For each motor firing, a chamber pressure versus time graph has been 
prepared. 
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These graphs have been plotted so that a minimum of six points were used 
to define the curve and that no point is more than 4 seconds from an adjacent 
point. The graphs also note the pertinent research nozzle material. 
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Figures 8 tnrough 37 present these data from Test Series 1; Figures 38 
through 61 cover Test Series 2. 
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Erosion and Resin Degradation Rate Evaluation 


a em lporerat 


Erosion rates were based on calculated nozzle specimen throat areas for the 
fired nozzles at rocket motor combustion chamber pressures of 350, 300, 
250, 200, and 150 (or final) psia. The following standard formula was used: 


ck 
gP, 
where 
A. = throat area (inch?) 


= total weight flow (pounds per second) 


oon TE ores TR snes BS seen | 
se 
M 


= constant (32.2 feet/second) 


W 
Ck = (equilibrium C*) x (average combustion efficienty) feet/second 
8 
P 


= chamber pressure (pounds per square inch absolute) 


= 
Q 
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Resin degradation rates were calculated ‘by adding the erosion rate at the 
end of the test run to the similar char depth rate. The char depth was 
measured on the post test sectioned nozzle at the resultant throat location. 


The erosion rates per nozzle were plotted graphically to evaluate individual 
nozzles and nozzle groupings by materials. The resin degradation rates 
are tabulated for similar evaluations. 


The above data are presented as follows: 


(1) Tables 3A and 3B present the tabulated, cal- 
culated, and measured values used in erosion 
property analysis. 


(2) Tables 4A and 4B present the tabulated char 
depths. and resin degradation. rates. 


(3) Figures 62A and 62B present the erosion rate 
versus nozzle number at the five specified Z 
combustion chamber ‘pressures, 


Nozzle Post Test Sectioning and Photographic Methods 


Each of the ablative nozzles were sectioned and polished. All of the 
nozzles were sectioned with relation to the "12 O'clock" position of the 
simulator and so marked. The photographed section of each nozzle has been 
returned to the Nonmetallics Material Division. 


Two different types of post test photographs were taken of each nozzle: an 
axial photograph of the complete nozzle and a profile photograph of a 
bisected nozzle. 

A cross section throat area axial photograph was taken of the complete 
nozzle, The throat inage was projected on a negative utilizing a point 
light source on the ceiling in the high bay photographic laboratory. A 
new nozzle was used to cast the original throat shape on a then reproduced 
negative. The negative was then aligned in a plexiglass fixture which also 
held the outside diameter of the phenolic nozzle holder, thus aligning the 
centers. A nozzle number and an injector orientation mark was also photo- 
graphed through the plexiglass. 


Profile photographs of the sectioned nozzles were taken utilizing a grid 
overlay, which consisted of a five lines per inch grid around the peri- 
meter of the overlay and an original nozzle outline to emphasize and 
indicate erosion. The photographs emphasize the background highlights of 
the nozzles as well as the sanded nozzle plane for a more complete visual 
description of the post-fired nozzle section. For visual clarity only a 
perimeter grid was used. Both the grid and the outline were drawn with 
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- i white ink on a clear mylar sheet. The grid was aligned to the bisected 
ee nozzle utilizing the exit end of the insert and the 2.56 inch phenolic 
ee : holder diameter. White chalk was placed on the nozzle contour for 
ie clarification. 
a; Figures 63 through 77 present the photographic data for Test Series 1; 
it Figures 78 through 89 cover Test Series 2. 
i T Tables 5A and 5B present a brief tabulated post test nozzle visual 
, evaluation. 
= 
mi es NOZZLE SPECIMEN TESTS AND. MATERIALS EVALUATION SUMMARY 
igs Test Series 3% 
ies Tubular Throat Specimens Tests 
a 


5 Four tubular throat nozzles were tested to determine if the unique chamber 
7 pressure versus time trace resulting from this configuration would have 
more potential for material analysis than the previous conical throat con- 
configuration. 


Theoretically, assuming no radial erosion, the tubular throat would erode 
longitudinally resulting in a constant chamber pressure until the original 
throat diameter disappeared, at which time the chamber pressure would drop. 
In ablative materials the radial erosion is a function of the material; and, 
therefore, this does not happen. In these tests a higher chamber pressure 
and a more evenly rounded trace peak was obtained from the tubular throat. 
Figures No. 8 and No. 9 (MANC 1 and 2) can be compared with Figure No. 14 
(ASD 398). Figures No. 10 and No. 11 (MANC 3 and 4) can be compared with 
Figure No. 15 (ASD 400). For some reason, peak pressure and run duration 
on MANC 1 did not agree with this analysis. 


mp Fe tc 


ro 


We Oar oR fae Menge 8 eer gy 


o 


r=3 


Another erosion characteristic which was noted, and can be seen from the 
cross-sectioned photographs (Figures 63 and 64) is that a “true" nozzle 
char depth was obtained from the tubular throat nozzles. The post~run 
nozzle throat on the conical specimens usually has moved downstream and 
into the prerun conical section so that a combination throat and skirt char 
depth is obtained which could be difficult to evaluate. Because of this 
significant erosion characteristic it is believed that the tubular throat 
would have more potential than a conical configuration for evaluating 
ablative coatings. However, the conical throat nozzle can still be utilized 
as an acceptable configuration as long as it is standardized. Should it 
prove desirable to utilize the tubular throat, a correlation of a few test 
firings of similar materials in the two configurations should allow the use 
of previous conical threat nozzle data. 
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Conical Throat Specimen Tests 


Twenty-six conical throat specimens were tested as part of these series. 

The pressure versus time traces ere presented as Figures No. 12 through 37. 

Table 3A presents the calculated and measured values used in the erosion 

property analysis. The calculated erosion rates at chamber pressures of . 
350, 300, 250, 200, and 150 psia are also presented in Table 3A. Table 5A 

includes post-test visual evaluations of each nozzie. Figures 63 through 77 

are photographs of the post-test nozzle condition showing bieected nozzle 

profile exial views. 


A preliminary review of the post-test nozzle visual data as presented in 
Table 54 and in the photographs of Figures 63 through 77 indicates that in 
all tests exceeding 35 seconds duration, “undereutting" of the nozzle 
insert was present. This condition may not be desirable because hot gas 
recirculation effects could affect material evaluation. 


Materiais Evaluation 


Some preliminary materials characteristics can be deduced from data 
obtained during this test series. With additional analysis, 

additional meaningful information could be obtained such as: chemical 
considerations of exhaust products, analysis of ablation products, X-ray 
and metallographic analyses of the chars to determine continuity of 
reinforcement and char, reaction of reinforcement with chars, and inter- 
action of reinforcement-char product with combustion species. 


The thirty runs considered here allow some deductions, if specimen fabri- 
cation is assumed optimum and constant for any material. 


A comparison of specimens MANC 1 and 2, MANC 3 and 4, 398 and 400 indicates 
that the erosion rates are reproducible in this environment. 


The substitution of carbon cloth for graphite cloth in nozzle specimens 3, 
4, 400, 421, 428, 435, 437, 444 and 446 indicates a consistently higher 
erosion rate for the carbon cloth and that the influence of pyrolytic fabric 
coatings is only minor. 


If one compares the rates of resin degradation (the erosion rate plus the 
rate at which the char layer advances relative to the hot wall) the carbon, 
high silica and graphite fabric reinforcements appear to be equivalent using 
the 91-LD resin system, 11.5 to 13 mils/sec, (Table 4A presents this tabula- 
tion). This can be an important consideration in material utilization 
because in general jt will determine the insulation requirements for this 
combustion environment, This observation is somewhat unique and is probably 
due to a combination of nozzle heat transfer and exhaust chemistry which 
would control the rate at which char and carbonaceous reinforcements would 
be oxidized. This might be substantiated if these observations were coupled 
with tenperature measurements in the test structure of selected nozzles and 
thermocnemical analyses of the ablating wall. 
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Pregraphitized inserts were fabricated with WCA graphite cloth and R120 

phenolic resin. The total composite was heat treated at graphitizing 

temperatures, The composites were then either impregnated with a resin or 

A coating was deposited onto che throat surface of the nozzle insert, A 

5 mil pyrolytic graphite coated (No. 439) insert exhibited a 5 to 6 second 

period of no erosion during motor firings, while a 15 mil pyrolytic graphite 

coated (No. 440) insert exhibited 2 12 second period of no erosion. Some 
of the lewest erosion rates of Test Series 1 were exhibited by the inserts . 
which were impregnated with R120 phenolic resin (Nc. 441), X8-furane resin 

(No. 442), and LTV-X22 polyimide resin (No. 443). 
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With carbon cloth as the control reinforcement it appears the following 
resin matrix composites had erosion ratcc within the vaiues exhibited by 
the phenolic (No. MANC-3, No. MANC-4, No. 400 and No. 421) composites: 
2,2~Bis p-hydroxyphenyl) propane-formaldehyde (No. 394); 2,7 dihydroxy- 

5 naphthalene phenol formaldehyde (No. 431 and 432); m-hydroxybenzoic acid 

: phenol formaldehyde (No. 433). The following had higher erosion rates than 
the standard phenolic (No. MANC-3, No. MANC-4, No. 400 and No. 421) com- 
posites: Mehydroxybenzoic acid phenol formaldehyde (No. 430); polyphenylene 


4 


t 


: 2 (No. 434); and I-8, polyimide (No. 452). 

Ea) 

4 The performance of some of the experimental resins with standard CCA or 

4 - C-100-48 reinforcements can be observed from sume of the tests. The propane- 
Bey oe formeldehyde resin was run with both carbon and high silica reinforcements. 
#- ni The resin degradation rate of the carbon cloth specimen (No. 394) was lower 
Bm than the phenolic bonded analog (No. 4). The high silica-propane- 

“F ‘ formaldehyde exhibited lower resin degradation than the high silica-phenolic 
4 Fated (No. 1, 2, and 418). 

ey 

e es It is also interesting to note that the combined erosion and char rates of 


these experimental resin materials are the lowest in this series (refer to 


4 
or 


4 
4 Table 4A). 
| ts : 
A ; Figure 62A is a graphical presentation of the erosion rates tabul-ved in 
¢ ete! Table 3A. y 
4 a Test Series 2 «| 
Sa. Nozzle Specimen Tests 4 
a 
f ‘o Twenty-four conical throat nozzle specimens were tested in this series. The i 
i ne pressure versus time curves of the tests are presented in Figures 38 through 61. x. 
om The nozzle erosion property analysis at various chamber pressure increments of ii 
a =~ each nozzle test are presented in Table 3B. Figure 62B is a graphical presen- 5 
A . tation of these erosion rates. Table 5B covers the post-test visual analysis i 
oe of each nozzie specimen. Table 4B tabulates the specimen char depth and resin if 
4 PS degradation. Photographs of the post-test nozzle showing the bisected profile i 
J tg section and the axial throat view are presented in Figures 78 through 89. fy 
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in constrast to the Test Series No. 1,where eight (8) test specimens did 
not sufficiently erode to cause the test termination within 40 seconds, 
only three (3) specimens in this series maintained a chamber pressure above 
150 psia at the end of 60 seconds test duration. The median test duration 
was 49 seconds. 


In genera., all specimens, except 366 and 368, exhibited a material erosion 
rate of 3 to 5 mils/seconds. Most specimens exhibited a total resin de- 
gradation rate between 11 and 16 mils/second. 


Materials Evaluation 


There were not as many single variable material changes within the nozzle 
specimens of this test series as there were in Test Series No. 1, which 
does not allow for many direct comparisons of specific material erosion or 
char rates. However, some observations can be made on some of the indi- 
vidual test specimens. 


Prechar-Nonprechar Materials i 


A comparison of the char rates and erosion rates of specimens No. 356 

and No. 358 shows that the precharred reimpregnated material erodes less 
and has a lesser degree of heat penetration than the noncharred material. 

A possible cause of this comparatively high erosion during the test of 
specimen No. 358 may be the observed spalling or "chunking" of the virgin 
resin matrix material. This gross removal of char is due to the fact that 
pyrolysis products are generated at the resin decomposition zone rapidly 
and must transpire through the char. If the permeability of the char is 
low, a pressure gradient develops across the char layer; the pressure 
gradient can be high enough so that mechnical failure of the char (chunking) 
results. Chunking has been observed during tests of carbon cloth rein- 
forced phenolic ablators at relatively high heat fluxes. The graphite 
reinforcement in specimens No. 356 and No. 358 has a higher thermal con- 
ductivity than a carbon reinforcement and therefore the tendency to experi~ 
ence chunking would be expected to be greater for the .onprecharred speci- 
men No. 358. 


Specimens No. 368 and No. 366 are assumed to be analogous materials with 

‘ silica reinforcement substituted for the graphite cloth of specimens No. 356 
and No. 358. This substitution resuits in a rcinforcement thermal conduc- 
tivity which is significantly less than that of the graphite. Consequently 
the tendency toward chunking would be reduced significantly. The observed 
smooth, even erosion would seem to bear out this reinforcement comparison. 
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Pyrolytic Graphite Coated G-1530 Graphite Cloth 


The graphite fiber reinforced materials with 91LD resin wstrix exhibited 
comparsbie erosion rated regardless of whether or not the fiber reinforce-~ 
ment was coated with pyrolytic graphite. The charring rate of the uncoated 
fiber specimen (No. 429) was slightly less than those with coated fibers 
(Nos. 417, 459, and 460), although the difference in char rate was small. 
T£ significant, the difference in charring rate was most probably due to an 
increase in the effective conductivity of tha fibers by means of the 
oriented graphite coating. 


Pyrolytic Graphite Coated Specimens 


The effect of a coating of pyrolytic graphite on the interior surface of a 
precharred specimen would be entirely different than the effect of pyrolytic 
graphite coating on the fibers of the reinforcing agent. The orLentation 
of the deposit on the interior surface would be expected to serve as an 
insulator which would decrease heat penetration to the bulk of the specimen 
untii the layer was either eroded or ablated off. At that time the erosion 
rate, as well as heat penetration, would approach that of the uncoated 
specimen. The effectiveness of the low thermal conductivity of the coating 
is obvious from Table 4B (Specimens No. 480 versus No. 482 and No. 483). 
However, throughout all portions of the run, the erosion rate is higher for 
the uncoated specimen than the coated specimens. The exit cone coating on 
nozzle No. 482, although cracked, was still adherent at the termination of 
the test. It is of interest to note that the pyrolytic graphite coated 
specimens (No. 439 and 440) of test series number one exhibited pericds of 
no erosion. However, inserts No. 482 and No. 483 do not exhibit similar 
plateau regions. This difference of performance may be due to differences 
in the coating process. Inserts No. 439 and No. 440 were coated by a 

vapor deposition process utilizing the dcomposition products of a hydro- 
carbon gas. Inserts No. 482 and 483 were coated by a vapor deposition 
process utilizing the sublimation products of bulk graphite. All insert 
substrates were pregraphitized similar to inserts No. 439 and No. 440, 


Resin Comparison 


With carbon cloth as the control reinforcement, it appears that the follow- 
ing resin matrix composites had equivalent or higher erosion rates than 
those of the 91 LD (No. 422) phenolic composite: I-8, polyimide, (No. 449); 
polyphenylene (No. 471 and No. 413). The following had lower erosion 

rates: p-phenyl-phenol-phenol-formaldehyde, (No. 455, No. 490, and No. 456) 
with respective erosion rates of 5%, 14%, and 16% below phenolic); Den 438, 
epoxy novolac (No. 489, erosion rate 12% below phenolic); 2-7 dihydroxy- 
naphthalene phenol formaldehyde (No. 457 and 463 with respective erosion 
rates of 6% and 12% below phenolic); and polyphenylene (No. 468, erosion 
rate 5% below phenolic). 
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Carbon and Graphite Fabric 


Ie is interesting to note that most ablative specimens containing carbon 
cloth reinforcement in nonprecharred matrices exhibit delamination and 
fabric distortion. The graphite reinforced ablatives on the other hand 
appear to be stable with little evidence of delamination or fabric 
reorientation. 


Erosion Rate 


In general, the erosion rates of the graphite cloth materials is lower 
than those of the carbon cloth materials, The two silica cloth specimens 
exhibited a relatively high erosion rate, but, because of the shallow 
char layer formed during these tests, the resin degradation rates are 
comparable to the other materials tested. 


Graphite Entrance Section 


For the first test of this series, nozzle No. 423 was fitted with a graphite 
entrance section to diminish the nozzle section undercutting effects 
experienced on previous testing. Post-test inspection revealed that the 
nozzle section -was not undercut but that the nozzle experienced an apprecia- 
bly higher erosion rate than the No. 422 specimen which is of the same 
material but was not fitted with the graphite entrance section, Apparently, 
the graphite entrance section did not absorb as much heat as the regularly 
used phenolic material, causing more heat absorption and therefore more 
erosion by the nozzle section. Also, no pyrolysis or ablation products 

are injected into the bonding layer upstream of the nozzle throat when 

the graphite entrance section is used. This would tend to increase the 
chemical reactivity of the bonding layer at the throat section, 


IDENTICAL MATERIALS PERFORMANCE - TEST SERIES 1 AND 2 


A superficial comparison of the identical nozzle materials that were used 
in both Test Series 1 and Test Series 2 has been made by examining the 
calculated erosion rates and resin degradation rates. Comparisons were 
made between the following nozzles; 


ASD 416 - Test Series 1 and ASD 417 - Test Series 2; identically made of 
graphite cloth G1550 coated with 1.0 - 1.2 microns of pyrolytic graphite 
and CTL91-LD phenolic. 


ASD 428 - Test Series 1 and ASD 429 - Test Series 2; identically made of 
graphite cloth G1550 and CTL91-LD phenolic, 


ASD 448 - Test Series 1 and ASD 449 - Test Series 2; identically made of 
carbon cloth CCA-1 and polyimide I-8, ~ 
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On the basis of this evaluation it would appear that there are differences 
between identical material performance in both test series. These differ- 
ences do not seem attributable to the rocket motor simulator exhaust 
environment. 


TEST OPERATION CONDITIONS is 


During the check runs prior to each ablative nozzle testing group, simulator 
operational performance was optimized and documented, As part of the docu- 
mentation during the ablative nozzle tests, the simulator flow rates were 
tabulated. Tables 6A and 6B present these results. 


Two test operation conditions were changed from the previous test series 
to ensure more consistent data production in this test series. 


By use of an automatic cutoff relay, a consistent test pressure cutoff of 
almost exactly 150 psia chamber pressure was obtained. This factar allowed 
a more standardized evaluation of the nozzle material degradation and char 
formation rates, 


This second series of nozzle evaluation tests was run in a test cell which 

has an operational digital voltage unit. With the use of this unit the 

pretest propellant pressures upstream of the gas systems sonic nozzles and 

the slurry system cavitating venturi can be very accurately adjusted and 

set, The small test~-to-test variation of the propellant flow rates attests 

to the accuracy of this pretest set condition. This is shown graphically 

in Figures 90 and 91. The total flowrate variation range is within only 

tl percent for both the total propellant flowrate and the slurry propellant 

flowrate, For the smaller value gaseous flowrates the variation is slightly 
higher, but the oxygen and nitrogen flowrate variation is within +1 percent . 
from the nominal value in 88 percent (21 tests) of the tests while the 

hydrogen flowrate variation is between +2 percent and -1.2 percent of 

nominal with 71 percent (17 tests) falling within the +1 percent range. - 
The inability to correct for the exact gaseous propellant run temperature 

is partially responsible for the gaseous flowrate variations. 
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LIQUID. PROPELLANT COMBUSTION GAS TESTS 
GENERAL DISCUSSION 
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The liquid propellant combustion gas nozzle specimen tests were conducted 
in one grouping of seventy nozzles. Table 7 presents a teat specimen 
description. The liquid propellants were nitrogen tetroxide (NTO) and a 
50 percent hydrazine and 50 percent unsymmetrical dimethyl hydrazine 
(50-50) mixture by volume at an oxidizer to fuel mixture ratio of 

1.6 tol. 


ca 


The liquid propellant testing was conducted at the Aeronutronic Remote 
Test Site Located about 15 miles from the main plant. Figure $2 is an 
overall view of the teat cell - control room arrangement. Figure 93 is 
a view of the control room instrumentation area, Figure 94 shews the 
liquid propellant motor in Test Cell 3 during a test firing. 
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4n extensive series of check runs were made to fully evaluate and optimize 
the rocket motor hardware. These initial runs were required as the erosion 
pattern exhibited on the graphite check nozzle after a sixty second run 
was such as to negate nozzle specimen testing even though combustion effi- 
clency was very good (95.8 percent). This geometric deficiency was traced 
back to the copper 4 doublet configuration injector. Once the oxidizer~ 
fuel impingement patterns were optimized, specimen nozzle testing was 
initiated, Thirteen nozzles were tested with this injector, following 
which the injector had to be discarded due to severe face erosion. Based 
on the experience with this copper injector the next injector was a water 
cooled stainless steel configuration incorporating 8 doublets to reduce 
geometric sensitivity. Check runs with this injector indicated very good 
nozzle erosion patterns and combustion efficiency was almost identical 

to that obtained with the copper unit (95.7 percent). No wear patterns 
have been otiserved on the injector face so that "life" characteristics 
should be good, 
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Liquid Propellant Rocket Motor, Propellant Feed Systems, Controls 
and instrumentation 


we 
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Aeronutronic also designed the liquid propellant rocket motor (N20, ~ 50/50) 
eapecially for material testing. In achieving this goal extreme care wes 
utilized to get even nozzle erosion characteristics from the rocket engine. 
The liquid rocket motor hardware consists of a combustion chamber, a pro- 
pellant feed injector, ablative-nozzle holder, and the test specimen. 
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The final combustion chamber used during this test sequence was the same 
ag that utilized for the solid propellant simulator tests. Initially, 
check runs were run with a chamber which ig 2.5 inches in diameter and 

8 inches long. The length of this chamber was insufficient to allow for 
complete combustion before the gases entered in the test section. 
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Two propellant feed injectors have been used. The first injector was made 
of copper having four doublet stainless steel inserte at the injection face 
part, Although the efficiency of this injector was very good, many check 
runs were required to optimize the impingement geometry so that nozzle 
erosion would not be influenced by the injector characteristica, Thirty~ 
eight check runs were required in this optimizetion evaluation. Fourteen 
nozzle specimens were evaluated with this copper injector prior to its 
failure due to excessive erosion at the injector face in the area of the 
stainless steel inserts. Figure 95 presents a schematic of the copper 
injector, Based on the results of the copper injector, the new injector 
configuration was designed. This is the stainless steel, water cooled 
unit shown in Figure 96. This injector has eight doubleta which decreasee 
its geometric sensitivity. Its combustion efficiency 18 almost exactly 
that of the initial copper injector so thet it has been utilized with no 
qualification as to evaluation or comparison of data, 


The propellant fuel systems are of a constant flow design. The flow of 

each liquid propellant is "set" by utilizing e apectelly designed cavitating 
venturi having a pressure drop of approximately 700 psi. This large drop 
resulta in the flow rates being very constant and repeatable, 


Each of the two propellant systems includes a nitrogen pressurized propel- 
lant tank, block valve,cavitating venturi, firing valve, purge systema, 
pressure transducers, and thermocouples. Two purge systems ara utilized: 
Gaseous nitrogen and water. The nitrogen purge is automatic at the etart 
and finish of each run, The water purge 1s a post-test operation conducted 
to efficiently purge and clean the system. Figure 97 presents a tast 
schematic of the Aeronutronic liquid propellant NT0/50-50 system. 


The instrumentation system employed during the liquid propellant teste is 
basically the same ao that employed during simulator teste with the excep- 


tion that the data are recorded using an analog to digital recorder in addi- 
tion to the cacillograph recording. The analog to digital recorder is a 
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paper tape, three digit system which an accuracy of better than 0.2 percent. 
This system is manufactured by Applied Development Corporation. By use of 
the digital recorder, the overall system accuracy will be better than 

+1/2 percent. 


The data was obtained by recording thirty channels of test pressure infor- 
mation per second in a sequential manner. Each channel being recorded in 
sequence every two-thirds (2/3) ef a second. Ten chamber pressure channels 
per each two-thirds (2/3) second scan were employed to enable data ana- 
lysts to more easily "pick out" desired data points and to insure that 
these points were consistent with the pressure values within a range as 
short as one-tenth (1/10) second from the selected data point. 


Test Conditions 
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All NTO0/50«50 testing was conducted at an oxidizer to fuel mixture ratio 


om 
u of 1.6 to 1.0 as specified by the Nonmetallic Materials Division, Air 
= Force Materials Laboratory, Research and Technology Division. 
= At the desired initial chamber pressure of 300 psia at the specified mix- 
we ture ratio, the theoretical equilibrium characteristic velocity (C*) was 
5627 feet/second; and the flame temperature was approximately 5300°F 

om (reference Figure 98, Theoretical C* Versus Mixture Ratio). 
~ The weight flows "desired" for each propellant system were as follows: 
Ded 
4 NTO = 0.2164 pps 
dee 

50-50 = 9.1352 pps 
~ 
po Total = 0.3516 pps 
~ The firing gtandard parameters for all nozzle specimen runs were as 

follows: 

he 
a Initial Chamber Pressure: 300 psia (as determined by check 
es run graphite nozzles). 
Saw 

Run Duration: 120 seconds or chamber pressure reduction to 
= 100 psia, whichever occurred first. 
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Check runs were completed prior to the actual specimen nozzle firings and 
after any significant rocket motor or system modification. In addition, 

a check run was made after a run of approximately 15 nozzles to insure con- 
sistent datu. Check runs were performed for the following reasons: 
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(1) To demonstrate proper mixture ratio, chamber 
pressure, and uniform combustion. 


(2) To demonstrate reliable and repeatable hardware se 
performance. 


(3) To optimize starting and stopping transients. 


The liquid propellant check runs are presented in Table 8. All check runs i 
were conducted utilizing graphite nozzles with 0.500 inch nominal throats. 


The first large grouping of check runs was necessary because of the geo- 
metric sensitivity of the 4 doublet injector design on the nozzle erosion 
pattern. Impingement patterns were changed incremently in order to opti- 
mize the pattern. Nine additional check runs were made to optimize the 
starting transient conditions and document performance with the copper 
injector. Average combustion efficiency was 95.8 percent. | 


Four check runs were made on the stainless steel 8 doublet injector. 

After one specimen nozzle had been tested, a water leak developed at the i 
weld joints adjacent to the 50-50 doublets. A minor redesign was required. _. 
Following this modification, check run five was made. Combustion efficiency 


was 95.7 percent, 


Table 8 presents the check run performance data. The invalid tests (check 
runs 24, 26, 39, and 44) were due to hot gas leakage past the check nozzle- . 
nozzle holder assembly which resulted in erroneous data. 
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| Test Evaluation Techniques 


Test evaluation for the specimen nozzles subjected to the Liquid propellant 


ie environment were the same as for those exposed to the solid propellant 
ae simulator exhaust (refer to page 10). Erosion rates were based on calcu- 
lated nozzle specimen throat areas for the fired nozzles at rocket motor 
on combustion chamber pressures of 250, 200, 150, and 106 (or final) psia. 
iq 
ts Data are presented as follows: 
, Chamber pressure versus time curves as shown on 
ia Figures 99 through 168. 
Table 9 presents the tabulated, calculated, and 
iL measured values used in erosion property analysis. 
Figure 206 presents the erosion rate versus nozzle 
if member at the four specified combustion chamber 
ted pressures. 


| 


Figures 169 through 203 present the photographic 
data. 
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Table 10 presents liquid propellant motor performance 
data. 


fable 11 presents the post test nozzle erosion 
evaluation consisting of char depth and resin 
degradation rates. 


Table 12 is the post test nozzle visual 
evaluation, 


Figure 204 is the test-to-test propellant mixture 
ratio and total prapellant flowrate variation, 
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Figure 205 is the test-to-test propellant flow- 
rate variation from nominal conditions, 
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NOZZLE SPECIMEN TESTS AND MATERIALS EVALUATION SUMMARY 


The large number of nozzles tested here allow some comparison of the various 
materials and their performance. These are, however, limited since test 
duplication was not possible in many cases. Additional limitations on the 
conclusions which may be drawn are that the specimens were of small size, 
and the complete history and fabrication data processing of the materials 
were not completely known. 


Due to the large number of specimens it is convenient to divide them and 
consider them separately in various groupings. By this means the effect of 
material variations can be assessed. There are some specimens which appear 
in more than one group, generally as the control element or the standard 
element in that group, such as a Refrasil phenolic reinforcement in a 91-LD 
resin which has been used throughout the rocket industry and with which a 
good deal of experience has been obtained. This material can be used as a 
baseline comparison not only for other resin systems but also for the infly- 
ence of other reinforcements. 


Coatings on Prepyrolized Substrates 


The protection afforded by hard or oxidation resistant coatings is relatively 
easy to assess by means of chamber pressure time curves; in that, once a 
flaw is formed in the continuous coating, local and rapid nozzle degradation 
ensues. The change in slope can be utilized to define the point at which 
coating failure began. There is a problem in the utilization of coatings, 
however, since the anticipated performance of the structure must be based on 
the time duration when the coating remains continuous and completely pro- 
tected. This imposes rather severe process, quaiity control and inspection 
requirements on the coating systems. This first group consists of the three 
nozzles, specimens numbered 380, 381, and 382. Specimens 380 and 380 
exhibited similar performance; however, specimens 381 and 382 vere intended 
to be identical, Of the three specimens it appears that the carbide based 
(mixed zirconium and silicon -arbides) coating over the throat of Specimen 
380 is superior to the zirconium diboride coating. However, the coating 

o£ 381 does not appear to provide as good performance in terms of erosion 
resistance as the majority of the normal Refrasil phenolic materials. 
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Some nozzle insert specimens of the group are No. 475, 476, 481, 484, 485, 
486, 487, 488, 509, 514 and 515. For all of these speciuens the erosion 
vate was quite low with the exception of the molybdenum-silicon coating. 


As can be seen in the photograph of specimen No. 484 (consisting of a 
tantalum-sodium fluoride coauing over the throat) there was a small spot 
oxidized or eroded through the coating and into the specimen. Post test 
examination of this spot revealed that the area around the coating dis- 
continuity waa undercut, implying the oxidation of underlying material 
and the subsequent mechanical failure of the unsupported coating. Further 
examination after sectioning revealed that the oxidized pocket was free 
of foreign material. This would imply that the coating failure occurred 
almost simultaneously with the end of the run or perhaps even slightly 
after the end of the run since the high flow rates over the surface of 
these nozzles normally result in coating material upstream being trans~ 
ported down and into cracks or other surface discontinuities. 


The time versus chamber pressure curves for these coated specimens indi- 
cate that the body failed rapidly after pressure had decayed to about 

250 psi; this is equivalent to a nominal 0.018 inch recession which is 
assumed to be approximately the initial coating thickness. The curves 
also indicate that value of such self protective coatings in providing 

low recession rates, limited, however, by the failure or potential failure 
within any local area, 


Reinforcements 


A total of six Ra.casil phenolic specimens were run. All exhibited very 
low erosion. Five of the six exhibited erosion ratcs within 0.25 mil/sec 
indicating the high degree of reproducibility of both the material and 

the experiment. This low erosion rate has been experienced before in 
nitrogen tetroxide hydrazine rocket motor nozzles. A substitution of 
Irish Refrasil for the normal Refrasil does not drastically change the 
performance. The erosion rate data for the Irish Refrasil-phenolic speci- 
men is within the scatter for that of the Refrasil-phenolic (0.25 to 

1.75 mils/sec). 


The substitution of carber for some of the Refrasil (specimen No. 420) 
which consists of alternate plies of CCA carbon fabric and Refrasil fabric, 
appears to be slightly inferior to the performance of carbon and silica 
within the same woven fabric (specimen No. 524). This difference in per-~ 


formance is believed to be due to the close proximity of the silica sources 


(fibers) which coat and protect the underlying char from chemical attack 
by the N20,-NoH, exhaust products. These exhaust products have been shown 


in the past by both thermo-chemical analysis and experimental rocket nozzles 


te oxidize carbons or graphites quite rapidly. 
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The substitution of rayon inte a siliea fabric (specimen No. 527) vesults in 

a performance similar to silica phenolic. However, when all of the silica is 
replaced by rayon (specimen No. 516) the material seems to suffer from a lack 
of strength of the pyrolyzing reinforcement. As a result the surface recedes 
quite rapidly. 


The use of zirconium fiber as reinforcement in a virgin resin system (speci- 
men No. 377) results in an unusually high surface recession raté. This 
performance has been observed in solid propellant rocket motor firings at 
Aeronutronic. An extensive analysis of the nozzles from those solid propel- 
lant firings have been made. The high surface recession rate has been 
attributed to structural discontinuities within the char and at the char 
pyrolyzing zone interface. This is due to reactions within the char layer in 
which zirconia is converted to zirconium carbide with a large disruptive 
change in volume. 


The performance of the oxidation resistant carbon reinforcements show consider- 
able difference in two samples. The data for the specially prepared carbon 
reinforcements (specimens No. 503, 504, and 522) extend over the range of 

those observed for standard carbon and graphite reinforcements (specimens 505 
and 507). They, therefore, do not appear to afford an advantage over the 
normal commercially available material in this environment. 


Filled Composites 


In addition to the filler materials incorporated in some specimens, other 
variables were changed and conclusions are difficult to draw from the series 
of specimens composed of samples 352, 425, 427, and 507. 


Specimen No. 352 exhibited significantly higher erosion than the Refrasil 
phenolic. Whether this high erosion is due to the molybdenum-diboride filler 
or the propane formaldehyde resin system cannot be ascertained directly. 
Specimens 425, 426, and 427, indicate the influence of the various foreign 
materiais. Most of the fillers perform as well as comparable materials 
without 91-LD. The erosion rates for specimen 427 is slightly superior to 
specimen 507, the carbon cloth phenolic control; however, in nce case was 

the erosion rate as low as that obtained with silica as the fabric 
reinforcement. 


Reimpregnated Prepyrolyzed Composites 


This group consists of specimens 477, 478, and 479. The insert 
reimpregnated with phenolic (No, 477) resins had the lowest 
erosion rate of the three with the polyimide (No. 479) being 
second lowest. 
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Pyrolytic Coatings on Reinforcements 


The influence of pyrolytic graphite thickness on graphite reinforcement 
(specimens No. 461, 462, 494, and 495} is only minor. The heavier deposits 
may result in a slightly higher effective conductivity and strength; and 
hence, a lower surface temperature and lower initial erosion rate although 
the difference in material performance is small. The agreement from test 
to test for identical specimene is, however, obvious. The higher initial 
rate of erosion of pyrolytic graphite on carbon cloths compared to graphite 
cloth specimens No. 436, 461, and 462) is believed to be due to the lower 
effective thermal conductivity. 
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There does not appear to be an influence of doping pyrolytic graphite rein- 
forcement coatings (Zr, Hf, Ti or B used in specimens No. 438, 445, 447, 
461, 462, 494, 495, 496, 497, 501 and 502). All appear very similar with 
the exception of specimen 496. The cause of the anamoly between 496 

and 497 is unknown at this time. The reduction of erosion rate (in this 
propellant system) achieved by the use of pyrolytic graphite deposits on 
graphite cloth reinforcements is immediately evident from a comparison of 
specimen 505 with any of the above nozzles. 


Resin Systems 


The resin systems can be compared by means of a large group of specimens 
which evaluate resin performance with both Refrasil and carbon cloth as 
controlled variables. Considering 91-LD resin as the standard, a compari- 
son can be made of specimens 396, 424, 498, 499, or 500 (all 91-LD). When 
used with carbon CCGA (specimens 409 and 507), the resin degradation rate 
of PBI was lower than that of 91-LD phenolic resin. It is interesting to 
note that PBI and 91-LD as matrices for CCA exhibit identical erosion 
resistance in a fluorine oxidized system where mass loss is by thermal 
degradation and not oxidation; while in the oxygen oxidizing environment 
of the N90,/50-50 propellant system the PBI appears to be superior. When 
used with a higher conductivity reinforcement (G-1550) the PBI appears 

to be equivalent or slightly inferior to 91-LD (specimens 505 and 408). 
When used with Refrasil the PBI appears to be slight superior. 
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The polyimide resin appears to be inferior to 91-Lu (specimens 450, 453, 
507, and the 91-LD Refrasil series) as a matrix resin for carbon or 
Refrasil reinforcements. The 2,7 dihydroxynapthalene phenol foraml- 
dehyde appears to be equivalent to 91-LD resin when reinforced with 
"Refrasil" as is shown by comparing the specimens 465 and 466 with 91-LD 
analogues, 
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TEST OPERATION CONDITIONS 


The test~to-test propellant mixture ratio and total propellant flowrate 
variation is presented in Figures 204A, 204B and 204C. The associated test- 
to-test propellant flowrate variation from nominal conditions is shown in 
Figures 205A, 205B, and 205C. 


Through the first portion of the test series (Nozzles 352 through 424 and 505 
and 507) the propellant flowrate variation from the nominal desired condition 
was rather excessive, considering the relative insensitivity of the propellant 
cavitating venturis to upstream pressure variations caused by the pressure 
regulation system characteristics. For these eighteen (18) tests the NTO 
flowrate variation was between +1% and -2% of the nominal and the 50/50 fuel 
flowrate was between +4% and -1% of the nominal value. After this series of 
tests was analyzed corrective steps were successfully introduced into the 
test procedure to minimize the inherent system pressure variations. In par- 
ticular, the 50/50 fuel flowrate scatter was finally reduced (in the last 29 
tests) to between 0 and -1% of the nominal value. Throughout the entire 

test series 77% (54 tests) of the tests ran with the NTO propellant within 

1% of the nominal value. 88% (62 tests) of the tests ran with the total pro- 
pellant flowrate within 1% of the nominal value, The control of the flowrate 
variation is best seen in the propellant mixture ratio variation figures 
(Figure 127). Throughout the first eighteen (18) tests the mixture ratio 
varied considerably from 1.500 to 1.625, but all of the last thirty-seven (37) 
tests ran between a 1.575 and 1.625 propellant mixture ratio as compared to 
the desired value of 1.600. 


During the liquid motor test series a few tests were prematurely terminated 
for a variety of reasons as follows: 


Four (4) tests were terminated due to facility malfunctions. The 
tests were then continued to specified completion to enable eval- 
uation of data neglecting the effect of re-ignition. These tests 
are as follows: 


Nozzle 478 ~ The water coolant booster pump was inadver-~ 


tently not turned on for the ficst portion of this test. 
At approxivately 25 seconds through the test, 


Pas 
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the chamber and injector water exit temperature monitor 
recorder indicated a high value and the test was termi~ 


“As nated. The hooster pump, allowing for the £low of 
ag TO Cons Ld erably wore coolans-water, was then turned on and 
the test was resumed. 
- 
Ga Nozzle 479 - A leak past a chamber plug was noticed on 
the closed circuit TV monitor at the start of the test. 
os The test was terminated and then resumed when the plug 
4 was replaced. 
ss 
Nozzle 514 + Apparently the nezzle throat was partially 
v plugged during the test. For a period of approximately 
hs 5 seconds the chamber pressure increased from 260 psia 
to 320 psia and the test was cut off. Coincidentally 
there was a leak in the propellant fuel system which 
T- was repaired and the remainder of the test was then 
ad completed. 
% 


Nozzle 520 - A leak in the propellant oxidizer system 
at 41 seconds through the test was noted on the TV moni- 
: tor and the test was terminated. Upon repair of the 


Son 
& 


i ig leak the test was resumed and completed. 

\ +e 

ie Eleven (11) tests were terminated prior to specified decrease 

‘ r in chamber pressure to 100 psia due to a test procedural error. 
oop The automatic chamber pressure cutoff relay was employed to 

. od cutoff the test whenever the nozzle ablation caused the rocket 


motor chamber pressure to reduce to 100 psia. After initial 
calibration this device functioned with a high degree of con- 
sistency in terminating tests at the 100 psia pressure. 
However, for a short span of time, but affecting a total of 
thirteen tests (nozzle numbers 438, 496, 497, 501, 502, 503, 
504, 516, 517, 518, 522), the calibration of the device was 
inadvertently allowed to lapse, resulting in a premature test 
cutoff relay signal at approximately 115 psia chamber pressure. 
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re 
an i Two (2) nozzle tests were terminated early due to nozzle mate 
ue tial characteristics. 
ey ey Nozzle 526 = Material flow into the nozzle throat 
. caused an increasingly higher chamber pressure. The 


test was terminated at 26 seconds through the test 
at a pressure of 502 psia. 
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Nozzle 527 - After 25 seconds through the test, mate- 
rial flow inte the nozzle throat caused an increasingly 
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wo higher chamber pressure. At a pressure of 333 psia # 
mek the nozzle section flew out of the nozzle holder. = 
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DETAILS OF POSI-CURE CYCLES 


r AS ENUMERATED IN TABLE OF TEST SPECIMENS DESCRIPTION Re 
ne z 
. 
\ 
7 o Py ° ° 

I. 18 hours at 275 F, 48 hours from 275 to 400 F, 4 hours at 400°F, 
n ccoled to below 200°F. (2.6°/hr temperature rise) 
a2 
= II. 18 hours at 275°F, 72 hours from 275° to 400°F, 4 hours at 400°R, 
r 7 hours cooling co below 200°F. (1.7°/hr temperature rise) 
ay ItI. 18 hours at 275°r, 72 hours from 275°F to 450°F, 6 hours at 450°R, 

cooled to below 200°F. (2.4°/hr temperature rise) 

YT 
u IV. 18 hours at 275°F, 48 hours from 275°F to 400°F, 6 hours from 400°F 


to 450°F. Cool to 200°F (2.7°/hr temperature rise to 400°F, 
8.3°/hr temperature rise from 400° to 450°) 


V, 24 hours each at temperatures of 600°, 650°, 700° and 750°, 8 hours 
at 800°, and 3 hours at 700° in an atmosphere of nitrogen*, 


*Material placed in 600°F mold. Temperature increased to 700°F 
over period of 10 minutes. 
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VI. 24 hours at 600°F, 24 hours at 650°, 24 nours at 700°, 6 hours at 
750° F, 6 hours at 800°F, 6 hours at 850°F. Cool to room temperature. = ha TE 
Nozzle was postcured in helium atmosphere. aan 
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VII. 24 hours at 600°F, 24 hours at 650°F, 48 hours at 700°F, 6 hours at 
750 F, 12 hours at 800 F, 12 hours at 850 F under Helium. Cool to 
room temperature under Helium before removing. 


18 hours at 275°F, 114 hours from 275°F to 600°F, 6 hours cooling to 
below 200°F. Postcured under helium atmosphere (2.9 /hr temperature rise) 
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IX. 3 hours each at temperatures of 150°, 200°, 250°, 300°, 350°, und 6 hours 
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TABLE 3A 
CALCULATED AND HEASURED VALUES USED IN EROSIMT PROPERTY ARALTSIS 


HO?TLE TAXTHOM ORIGINAL, «RTNINGX «TCTAL TOE CALC. calc. cat, THE calc. Cale, calc. TOS Cale, cae. CALS. yre 
KOStcR «= TINE CRAMAER THROAT HANS. YR ($50) THROAT TERT EROSION 300 TRROAT «= THRGAT ERGSION 2 TEROAT THROAT EXASEoM zhu 

(sec) FRESSU2E «DEAHEIZR «= PAESSUSE Kasur o~3in AREA RADIOS RATE paia AREA RADIUS RATE p2ta aREA RADIUS RATA Rh 

(psia) (inch? (pated §(23/)— (sec) 350 pete 350 peta 350 peta {sec) 300 pata 300 psia 300 pete (sec) 250 psie 250 pela 250 pata (sec) 

sec tn} gs (mil s/see) (il) Uicch)_fmtinfeec) int) cinch) fattsfeech 

rane 1 26.9 429 S000 168 6008 85.9 «= 2697 12939 7.29 ae 3467 e326. 7.38 12.9 03776 fo? 7,50 18,2 

RAK 2 18.4 441 15505 2d 8069) 7.200 (2725 0255 6,15 10.0 w3hty RE 6,79 13.7 03885 03485 7.18 43.9 

Hx 3 $9.3 462 «$000 155 6010 13.6 = .2698 22531 3.17 19.2 23168 31b6 3.47 28.7 03778 63 337 42 

HANG & $9.2 446 +5016 BRS «5946 23.5 2669 2S 3.04 18.9 oS1tS «3159 5.41 235.7 PEPKI wHbD 3.67 36,3 

3% 59.2 462 *S015 145 e8OL7 -).6 62702 22932 4,01 15.6 o3ES2 23167 4,23 22.4 03782 23469 4,39 55.6 

393 25.7 ayy S015 143 v6046 $.0  .2715 22939 8.6K 7.9 » 316) 23175 8.46 il.3 33890 BIB 8.59 15.9 

398 29.6 4% S000 239 6656 641 0.2719 22982 2.25 9.0 o3372 s9h07 7.52 12.6 380? 348K 7.091 18.3 

400 $5.8 HAE 01S 144 «5996 9.2 2692 22927 4,62 13.7 314k 23162 4.78 20.0 3769 oie 4,79 300% 

as 27.9 4s +5010 1% 6066 5.9 62724 2 2KS Fike 3.4 0317? +3180 8.04 1.6 03323 33484 8.44 16.5 

416 33.2 495 OLS 163 25870 24.6 = «2636 22896 2.83 22.0 378 3228 2.96 79.6 03690 03427 3.12 42.8 

418 29.2 432 +5010 126 6007 4.5 = 62697 ~2930 9.44 6.9 PED ES 7 23165 9.87 3.8 03276 +3467 9,82 15.8 

ae 43 39.5 445 25039 135 5973 8.752682 02982 4.68 12.3 03125 23286 3.23 17.7 23755 054357 3.22 24.6 
3 421 59.3 429 25000 use 139% 899.0 2691 +2927 4.74 34,2 03146 +316) Sn6S 22.7 23788 +3463 4.24 37.5 
hom 428 38.3 488 »3010 1€2 06050 18.1 12716 223940 2.40 25.6 3169 23176 2,62 354 93803 3479 2.27 $0.5 
° § 439 47.4 440 S010 149 6521 10.3 £2703 02933 4.16 14.8 251% 23168 4.45 20.3 23785 47% 4.64 28.3 
es 4 59.2 4% +5005 wd 26044 1106 2714 22938 3.83 16.5 3168 03174 4,07 24.1 09299 3478 4,98 33.3 
|S { : 432 59.0 58 15005149 DOR 02126982428 4.63 15.6 31633163 4.24 23.6 3772 365128 
Ke | 433 57.3 446 5000 M41 +6902 10.6 »2695 22929 4.05 tt +3845 23163 4.39 21.6 03773 3455 4.47 Ide? 
ee 4 28.2 4is 25010 wo 5877) 8.74463? 02898 3.8) Bee 978 03330 3.58 11.46 23696 03429 81k 16.8 
iS 435 5904 476 S015 150 S815 13.90.2611 +2833 ‘ at » 1h +316 3.25 2568 03655 3611 3.60 36.0 
i ; 4n $9.4 4 OH 74 3773 35.4 = 2595 22874 2.40 22.6 22627 108 2.65 33.0 +3633 UN 2.71 43.0 
t f een ——~ SH SM +8025 481 SHS 178 62669 22918 2,26 23.7 wSE1S 23148 2.68 32.6 23738 Pa 2.82 rr | 
a 440 54.3 su +5020 15h oS81L 2557 2609 2592 Lawk 23.2 HG N13 2.10 3$.2 23853 oe) 2056 43.0 
» 2 “Al 59.3 $20 25010 183 w5885 (15,8 = 2643 22900 2. 24.3 «83 «3133 2.70 35.0 HO M32 2.65 42.5 
ra 442 59.1 458 25020 79 S795 18.2 2602 22873 2.02 23.4 «3035 23103 2uht 38.0 03055 BOS 2.36 42.8 
Ps 443 5933 48i 25040 169 o59%9 16.6 62672 229d 2.71 20.7 N16 W169 3.03 29.3 09235 » eh) Bah? OSad 
- ahh $9.4 482 #000 18? 5986 14.7 2683 22924, 2.88 21.4 23335 +3189 3.08 2.2 03263 oheS] Vat O40 
; 4h5 59.3 467 25020 bys 5953 13.30.2673 29? 2.56 21.6 03118 oSUSE 2.47 40% 2 87h2 BS? 3.09 Poa 
ae 448 30.5 435 sSOIS 156 6063 B66 LIZZ 2A 3.08 W230 7S ID. $.66 16.200 SU a ey oe 
ad 452 16,4 410 2501S 150 25996 4.9 = 52692 02327 &.3$7 705 iC) 3 «3162 8.35 Wd PERI S Matyi Pr? ha.t 
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ASLATIVE NOZZLE CHARACTERIZATION 3 
PHILCD+ALRONUTROALC DIVISION 5 & 
PXPERORISAL SQUIPHENT DEPARTHENT. . : 
“TIME Chk, CALE, CAL, Tk CALS, «ANC, AUT. NREL , aac 
200 = THROAT «= THROAT «= -EROSTOW 136 THRO THROAT “BL0S10N NUMBER 5 er te 
~ peed. AREA QapLUS = RATE © prigk AREA RADIUS RATE : : = 4 3 
200,psa 200 Fela 400 peia sec) 150, psfa® 250 pslat 150-pstat MATERIAL -8 
2 Lech’ aits/erch} — |. fined ouch 'wite/sec J nN 2°) £4/£,0 1:1111 1% 21/4. | SO SO ° 
18526721. 3878 2636 26.2” 6296 476 7554 Puree SLLD‘39,0R/010+48 Rae; 
39.0 «8769, 3896. 1M 226.6363 4508 75% We 2 PhD 4.0%/¢0100-68 ; 3 
Obed 6722 IT 335 5953 6296 447? 9.53 PANG LED 60, 92/0CAe1 : ¢ 
3694672, 5856 3672 53.2 6229 ohh} 3,29 “MARS -4 PUHLD £O.S%1CCA-1. ae 
35.6 0723879 3.65 35,0 8303. GT 3,52 1% Fropana*Potmaldehyda 40,6/ECA+2 z 
15.9 66.95 3889 £.69 Thah §=-6338 BIE B16 97 CTL*DILE-31.32/610066 1/2" Sq, ane 
MBL ATOR 3892 7.69 27.7 66388 698 72h 398 IMoLD.AO/E1N0+48 ; 
30,46 APMED 449 $2.0- 6264 Rit 3,78 “400 Di-by sorsecat penta 
AGS A766 3895 6,62 26,0 6366 Rees) 2.31 Ale CYL DLO/3554048 59,37 
AUB 6612, 3892 3640 59.3 5639 hres 2% M16 CTL. 9LeLD/GIS56-Coated with 1,0 Hlerons 
1568872038768 256748293 RAIG 7,62 418 BESSs eas ah eb velbosad? 3 
“26,6 46533865 5,49 350. .6257 06483 5.55: Als ‘PioLEVAlgecnage €100°28 and CCA1. £0.42, 4 
375 80103872 3.66 59.3 6279 AN 3232 421. SLD CeAnL 58 15% : 
50.5 8PSS HOO 2.1% 58.3 $228 28029 2.70 428 PIHLD/G+1350-5855% 
28,6 4731 22884 hth 43,5 6308 581 4S 430 BOLOZ1OA/ECAS}- 59,5% 2 
363.6769 38368 3,62: 59,8 6635? 4398 3.3¢ 43h BORDZALSCCACE 58565 : 
38.0 AES 827 3.62 58,7 6287 24473- 3.36 432 ‘DEISS+25/CCA-L $9.43 ? 
33.7) 786378 Midd $259 .6288 e436 3.73 433 B5102+-56«1/0CA-1 60.9% : 
16.8 0618 3 79L 25.4 6157 har? 7457 434 CUALb$SS2/eCAsk. 66.8% : 
36.0 6969 abite 3.63 $9.4 8092 AbQ3 32d: 435 PhoLB/CCA-E $6.52 Coated. $.0.¢ieroas Iprolytio Graphs re-Zirevalce 
46.0 4541. 3852 2.70 Se S219 +4076 Bebb 47 HL-LO/C1550 56.9% Coatad 1,0 Kicrons Pyrolytic CéaphiterZircoaiua ‘ 
6.1 6870 2385f. 3.05 59.2 6227 4$2 3.28 439 BIZ0/¥CA-0,005" Pyrolytic Crspaite-Costing $7,9% 
43.0 4566 = 3612 3.18 54.9 6068 4388 3.46 460 RIZ0/WCACO,O1S” Pyrolytic Graphite Costing 57.9% 
$2.5 462543897 6398 39.3 5060 »40H1 2.54 hol ‘RI20/NCA+Impregneted with K120 Resin 57.9% 
$2.8 65539807 2.46 59.1 9088 24026 2556 4h2 RI20/WCAsLepregnated with X8 Yurene ‘Resin 57.9% 
45.2667). 3857 4,95 $9.3 65532 14196 2.83 43 RI2O/WCA-Ympregnated with LtV>X22 Polylatde Keala 57,92 
MeO 6703, 3869 2u 59.3 65633 06229 2.92 4hs PLLD/C1550-Pyrolytie:Grephite Hafolum $9,3% 
45.6 46773889 2.96 39.3 S472 0173 2.80 446 91-LD/C1550-Pyrolytic Graphite Titantun $8,4% ‘ 
21,8- 46764 43896 6.36 30.5 6133 A628 6,26 448 IB/CCArL 59.6% : 
ASL HIM 9873" 49-18, 2B, 16472 10.68 452 £+6/6100-68 60,02 
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TABLE 3B : 

CALCULATED AND HEASURED VALUES USED IM RKOSLON PROPERTY AMALYSIS : 

_ _HARIMYH ORICIMAL HINTHIM TOTAL TINE CAL. CALC. «CALE, «= TIME CALC. «CALE, GAM, «= THR CAM, = AL. CALE, TEL, «ALE, 

BUMBSR TER «= CHAMETS? «THROAT «6 CHAMEER FLOW «930 THRUAT SHROST «= ERUSEOR «=D TRERGAN: «THROAT «EROSION 250 tkeGat TREOKT «EROS la FHRDOE Fitton | 

(eae) -DARSSURE DIAMCIES PRESSURE SATE pein AREA RADIUS = RATE. feta BRA RASA, pela AREA RADIUS RATE, pola, Agta kaniog” 

{peta} ganen) spared ede face) IM _pesa-3M. pars 250 pose (aes) MO peta HOU pera KD pone (eee) 226 pata 250 pese 240 pose sane} 200 pose 205 pss, 
4 tot toch} (al $s fear af hh (wt Utat reatyy ? pid 

sit 2302133 eS FA,9 2628 388d 26 20,3 3079 BNL 8.87 48.7 5499 2h 06 3F0 608 8k 

561 + sen 15907 10.% 5262228923, 7 WS WES DD edb 38.2 078 a2 3.86 esd ASD ISS 

50 2 1S 9883 1050 20192586 dP 26.8 305% EP 403 9 ts} Rid BBR Pearcy) ne) st 

802 a) es 03902 3.8 2626 ERAT 6.0 .396% 382 10.28 Bu? 3688 HM 19,38 13.7 BF SM 
433 25S 259K 6.2 783S HBL AL 2D 067 IE BL 30.2 sI8Y7 Ke 14.3 Oe BEE 
rs.) 2508 in 595K lhe IS RPS BLY 316% 3089 SEG BAY My. BIG7 2 LE M9 40 SBE 

482 2 18D FA MLE 2S 7802 A 16.08.3066 NG Badd TES 276% os ec} Mb SN SUE 

£30 SOAS AOL 9.0 FO BSI 8 SE $2.2 3108 HES GE in3 wy ce | 34D bE eg 

Sy 3 02 18 SHEE US RT 2G 2,95 ROG HD IP BE 37. .Apae AN at WER. ages ate 

ayy 302350 8968S 0H 12859 HOR 83 16.3 3999 ME BANS WA Nhe oe ee) 29,8 5657 Ae ¢ 

sas fo) nF) 596P Bb TO KES WM.3 63O8F 3D BE 16h aie See 4-8 47 chet rs a 
434 5) ee I 953 107 2857) 2907305 U3 OF TBS Th OMe RE 4G oF 280 Miy 
Avs 401 te) A995 719 2889 STR 13.6 FT LHL 67 U0 HS 1b 4.4) 14,9 Sit 3% 
493 MOMS 25906 W826 2891 TKS 22.1 KE MEE TF Be ee So ae 2 SEL ASD a4 

ay «363 i 2P976 M43 1653 RE 2 18:7 JHOL KE. Bee a7Th Sebi HAE 52% Eta 

SB OE 8E e899) 3.2 28 aSH 8. BN 2078 0 trdt | optt 22.2 Res ee A S2no BREE 3853 7 
co) 0} 1) 25935 662..265F 2888 $53 Ine IF NW 4.8 LY 63695 Ri 8 We AR Sit 

a8 522 AD 29396 -2,2 -2632 ANY AD MaeX WIT MIE NaF Fee mes 4 IS AA $1.8 whiS da 
495 Wi 19 2S92L 950 369328759 Wee HEE NEY 4 SA. .2HdG oy ee Sy LER tet TR 
sas e518 99S 9,0 2899 2H9S AS 32.6 .7F RRO 33.2 35m BR aR Bd 
532 ihe 849 3939 18.5 25463 2K UY BLS Mel TEN. 382 LA ety Wat bar AAD OEE we 
sit 899 350 03927 52.60 02636 29F 3,35 12.3 273 Phe 22.5 ate Sie oY Yee ok RH 
30t 30150 $922 $59 40560 28eR 809 Lok WT NY be? 70.6 36H 3 A io mr tt Was 
39 0350 SNF 7h 202 RES 0 ,WI NR? kB BOF Has Mah a AE Mo ei Mie 
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TABLE 4A 


POST TEST NOZZLE EROSION EVALUATION 
MANC-ABLATIVE NOZZLE CHARACTERIZATION 


- i Test Series 1 


: Qa) RESTN(2) 
NOZZLE CHAR DEGRADATION 
NUMBER DEPTH RATE 
® No, L 0.15 12.8 
. No. 2 0.15 12.8 NOTES: 
a Ho. 3 .50 11.8 (1) Char depth measured at re- 
ad No. 4 0.55 12.6 iid throat with 6 inch 
ig 394 6.60 9.4 
: 7 OS Be ce 
* 398 0.20 13.9 erosion cate snd char depth 
- 400 0.45 11.2 Take: 
ie als 0.20 15.3 awe 
41g t.65 17,9 Layer 
: ale i. 20 iv.6 Seen Teens 
- aly 0.48 14.4 & Qriginal Noxeje Profile 
- 421 0.89 iL i 
ey a8 i.4% A2.2 d «& eet 
ei 4a NG 30 te 0.48 ki 3 ts 33.0 
Pe 431 v.80 2 where: 
ss i342 oak 1b. oo ee CI 
“sy fy, wil hub ¥ © char depih 
es . { om wan tine 
, “de 0 '0 t+ 6.46 BI.6 Bu £80k 
ad§ 01.54 42.4 
; ; “3h i 63 id. 
~ Pay) AL 13.5 
5 Bal eu t. & 74 B..to 146.6 
= asl d.e0 iz.) 
9 seed ft. ra 0.79 12.8 to 15.5 
=< aus 0.68 i3.8 . 
Sebyee &.55 ty a.70 12.0 , 


Add 0.53 12.0 
448 0.30 to 0.56 15.9 ta 22.5 


: 452 0.10 15.8 
tee 
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a TABLE 4B 
eB POST TEST NOZZLE EROSION EVALUATION 
ABLATIVE NOZZLE CHARACTERIZATION 
i Test Series 2 
| a i resin (2) 
cuan(V DEGRARETION 
is NOZZLE DEPTH RATE 
; NUMBER fin. mile/sec 
ie 356 9.51 13.2 NOTES; 
; 358 0,33 to 9.44 15.4 to 18,6 (1) Char depth measured at 
|: resultant throat with 
360 0.40 to 9.50 9.7 to 11.4 6 inch scale. 
la 366 0.14 15.0 ; 
: {2) Resin degradation rate (d} 
i 368 0.13 13.5 eslcylated by adding cale 
ea 437 0.37 to 0.68 11.3 to 17.5 erosion rate and char 
im 4220.34 £00.48 «11.5 to 14.5 Pee erates 
é 423 0.36 1662 rege 
be £49 9,40 wl a a — ‘ 
ee ~ Original Nossie Profile 
ig 455 0.48 13.7 a 
 & 436 0.43 1L.9 
457 B42 12.4 d= 344 
z &59 0.54 to 0.74 12.2 to 15.6 
| 60 0.435 to G.67 13.) to 17.6 where: 
in 4£3 G.45 11.4 % » aroslon 
I 467 9.38 t0 0.54 12.3 to 15.7 y « char depth 
Me t = yun time 
468 0.47 13.6 
An 0.30 60 0.42 11.7 to 14.5 
480 0.54 ta €.62 19.5 to 21.7 
i 4R2 0.64 13.8 
4. 483 0.57 to 0.66 14.1 to 15.8 
: 489 0.39 Lt 
: 490 0.4) 11.2 
i 
Pa 
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Nozzle 
M No. 1 
M No, 2 
HM No. 3 
M No, 4 
394 
397 
398 
460 
434 
416 
413 
SAG 
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433 
432 
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434 
435 
437 
4349 
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TABLE 5A 


POST TEST NOZZLE VISUAL EVALUATION 
MANC-ABLATIVE NOZZLE CHARACTERIZATION 
Test Series 1 
Evaluation 
Bore smooth, even erosion 
Bore smooth, even erasion 
Bore rough, uneven erosion, insert undercut 
Bore rough, uneven erosion, insert undercut 
Bore rough, even erosion, insert undercut 
Bore smooth, even erosion, glass flow 
Bore smaoth, even erosion, glass flow 
Bore rough, spalling, uneven erosion, insert undercut 
Bore smooth, even erosion 
Bore rough but even, slight spalling, insert undercut 
Bore smooth, even erosion 


Bore rough, but erosion even, lamination standout, insert 
undercut slightly 


Bere rough, cylindrical cracks, ineert undercut 

Rore rough, cylindrical cracks, insert undercut 

Bore Fouzh, cylindrical cracks, insert unde -cut 

Bore rough, cylindrical cracks, insert undercut 

Bore rough, cylindrical cracks, insert undercut 

Bore rough, cylindrical cracks, insert undercut 

Bore rough, cylindrical cracks 

Bora smooth, even erosion, insert undercut 

Bore emooth, cylindrical cracks, insert undercut 


Spailing, one cylindrical crack, graphite coating left on 
exit cane. insert undercyvt 


Extreme spalling, undercut, lerge difference between comparator 
and calculated area 


Bore smooth, even erosion, insert undercot 

Bore smoct*., uneven erosion, some apailing, insert undercut 
Bore smooth, even erosion, insert undercut 

Spaliing, cylindrical cracks, insert undercut, uneven erosion 
Bore smooth, uneven erosion, cylindrical cracks, insert undercut 
Cylindrical cracks, rough bore, uneven erosion 

Some spalling, exit portion of nozzle gone 
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TABLE 5B 
POST TEST NOZZLE VISUAL EVALUATION 
ABLATIVE NOZZLE CHARACTERIZATION 
Jest Series 2 


Evaluation 


Bore amooth, one cylindrical crack, insert undercut 

Bore smocth, uneven erosion, spalling, cylindrical cracks 
Bore rough, even erosion, laminations, insert undercut 
Bore smooth, even erosion 

Bore smooth, even erosion 


Bore rough, uneven erosion, cylindrical cracks, insert 
partially undercut 


Bore rough, uneven erosion, laminations, insert undercut 


Bore rough, uneven erosion, laminations, graphite entrance 
section used 


Bore smooth, uneven erosion, cylindrical cracks, insert 
undercut 


Bore rough, even erosion, laminations, insert undercut 


Spalling, even erosion, cylindrical cracks and iaminations, 
insert undercut 


Bore rough, even erosion, laminations, insert undercut 


Bore smooth, even erosion, cylindrical cracks and laminations, 
insert undercut 


Bore smooth, uneven erosion, slight spalling, insert undercut 
Bore smooth, uneven ereeion, insert undercut 

Bore rough, even erosion, Laminations, insert undercut 

Eore rough, uneven erosion, cylindrical cracks, insert undercut 
Bore rough, even erosion, cylindrical cracks, insert undercut 
Bore rough, uneven erosion, cylindrical cracks, insert undercut 
Bore smooth, uneven erosion, insert undercut 


Bore amooth, even erosion, slight cylindrical cracks, graphite 
coating remaining on exit cone, ingert undercut 


Bore smocth, even erosion, insert undercut 
Bore rough, uneven erosion, cylindrical cracks, insert undercut 
Bore rough, even erosion, laminations, insert undercut 
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| Test Series 1 
a Total Oxygen Hydrogen 
- B Flow Flow Flow 
hed Nozzle Rate Rate Rate 
No. (1b/sec) (ib/sec) (1b/sec) 
- i MNo. 1 0.6008 0.2174 0.0140 
MNo. 2 0.6069 0.2164 0.0141 
i Mio. 3 (0.6010 0.2176 0.0141 
, MNo. 4 0.5946 0.2152 6.0141 
| T 394 0.6017 0.2206 0.0143 
| 397 0.6046 0.2219 0.0141 
Ee 398 0.6056 0.2208 0.0143 
ee i 409 0.5996 0.2173 0,0140 
4a 9.6066 6.2206 0.0142 
‘ i 416 9.5870 0.2181 9.0140 
| 418 0.6007 0.2178 6.0141 
i 419 9.5973 0.2144 6.0136 
, 421 0.5984 0.2217 0.0149 
aes 428 0.6050 0.2200 0.0140 
ps 430 0.6021 6.2198 0.0139 
a 431 0.6044 0.2172 0.0140 
D4 432 0.6001 0.2204 0.0141 
ty ie 433 0.6002 0.2189 0.0145 
a 434 0.5877 0.2058 0.0143 
| 435 6.5815 0.2116 0.0139 
i 437 0.5779 0.2106 0.0140 
| 439 0.5944 0.2178 49,0137 
T 460 0.5811 0.2117 0.0138 
ts 4h) 0.5886 0.2130 6.0138 
i. a 442 0.5795 0.2040 0.0138 
~ H 443 0.5949 0.2163 0.0138 
i 4th 0.5986 0.2126 0.0139 
ee i bb6 0.5953 0.2166 0.0139 
7 448 0.6063 0.2168 0.0138 
| 452 0.5996 0,2169 0.0139 
Q 41 
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SOLID PROPELLANT SIMULATOR PERFCRMANCE DATA 
DURING HANC~ABLATIVE NOZZLE CHARACTERIZATION 


Nitragen 
Flow 
Rate 


(ib/sec) 
0.0514 


0.0500 
0.0513 
0.0512 
0.0515 
0.0527 
6.0525 
0.0512 
0.0517 
0.0514 
0.0517 
9.0506 
0.0511 
6.0536 
0.0528 
90,0516 
0.0514 
9.0497 
0.0505 
0.9499 
0.0499 
1.0504 
0.0507 
0.0501 
0.0509 
0.5010 
0.0507 
0,0504 
0.0566 


0.0513 


Slurry 
Plow 
Rate 


(1b/sec) 
0.3186 


0.3210 
90,3180 
0.3141 
0.3153 
0..3159 
0.3180 
0.3171 
0.3202 
9.3035 
0.3171 
0.3186 
0,3126 
&.3180 
0.3156 
0.3216 
9.3141 
0.3171 
9.3171 
0.3025 
0.3070 
0.3124 
0.3048 
0.3116 
0.3108 
0.3146 
0.3213 
0.3124 
0.3251 


0.3375 
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Nozzle 


No. 


356 
358 
366 
366 
368 
447 
422 
423 
429 
449 
455 
456 
457 
459 
460 
463 
467 
468 
471 
480 
482 
483 
489 
490 


Total 
Flow 
Rete 


{1b/sec) 
0.5935 


0.5907 
0.5883 
0.5902 
0.5916 
0.5954 
0.5947 
0.5991 
0.5941 
9.5965 
0.5969 
0.5953 
0.5938 
0.5906 
0.5976 
0.5937 
0.5934 
0.5936 
0.5921 
0.5935 
0.5939 
0.3927 
0.5937 
0.5919 


TABLE 65 


SOLID PROPELIANT SIMULATOR PERFSSMANCE DATA 
ABLATIVE NOZZLE CHARACTERIZATION 
Test Series 2 


Oxygen 
Flow 
Rate 


(1b/sec) 


0.2172 
0.2152 
0.2126 
0.2130 
0.2138 
0.2162 
9.2157 
0.2200 
0.2149 
0.2178 
0.2169 
0.2153 
0.2171 
0.2138 
0.2162 
0.2151 
0.2255 
0.2167 
0.2152 
0.2137 
0.2171 
0.2171 
0.2153 
0.2141 


” 


42 


Hydrogen 
Flow 
Rate 


(ib/ees) 
9.01403 


0.02409 
0.61402 
0.01407 
0.01396 
0.01414 
0.01388 
0.03425 
0.91421 
0.91403 
0.01398 
0.01413 
0.01405 
0.61402 
0.01415 
0.01394 
0.01385 
0.01388 
0.01398 
0.01389 
0.01425 
0.01422 
0.01407 
0.01384 


Nitrogen 
Flow 
Rete 


(ib/sac) 


0.0520 
0.0512 
0.0501 
9.0509 
0.0510 
0.0512 
0.6512 
0.0515 
0.0513 
0,0516 
0.0515 
0.0513 
0.0512 
0.0507 
0.0510 
9.0507 
0.0511 
0.0514 
0.0511 
0.8506 
0.0513 
0.0511 
0.0506 
0.0505 


Sturry 
Flow 
Rate 


(lb/sec) 
9.3113 


0.3163 
0.3116 
0.3122 
0.3128 
0.3139 
0.2133 
0.3133 
0.3137 
0.3131 
0.3146 
0.3146 
0.3112 
0.3121 
0.3163 
0.3140 
0.3142 
0.3114 
0.3218 
0.3154 
0.3113 
0.3103 
0.3138 
0.3135 
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TABLE 10. 


LIQUID PROPELLANT MOTOR PERFORMANCE DATA 
ABLATIVE NOZZLE CHARACTERIZATION 


| ; TOTAL ‘NTO - 50/50 PROPELLANT 
i NOZZLE FLOW FLOW FLOW. MIXTURE 
& : ‘RO. RATE RATE RATE RATIO 
: (1b/sec) (ib/sez) (1b/sec) 
i i 352 3497 2143 1354 1.582 
i r 377 3536 «2184 1352 1.615 
380 23487 2135 1352 14579 
i c 381 13498 .2156 £1342 1.600 
} 382 3517 12152 1365 1.576 
i] 390 3538 22132 .1406 1.516 
i os 391 «3508 2134 «1374 1.553 
Ll 392 3521 22131 .1390 1.533 
i| 395 3477 «2129 1348 1.579 
396 3515 +2161 1354 1.596 
| i 408 «3542 22143 «1399 1.532 
409 3507 .2130 .1377 1.546 
| [ 412 .3536 .2129 1407 1,513 
r 415 .3530 .2127 1403 1.516 
= 420 3521 . 2128 .1393 1.527 
if 424 3541 2176 21365 1.594 
425 3531 .2172 £1359 1,598 
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. TOTAL _ NTO 507/50 PROPELLANT 

me - Nozziz. FLOW FLOW. FLOW MIXTURE 

: Fy, RATE RATE. RATE RATIO 

| : . (Ub/sec) (1b/sec) (ib/sec) 

: 427 3495 3166 2.29 1.629 

| 436 «3506 2173 1331 1.632 

| 1 438 _ 3489 2138 1351 4.582 
r 45 3505 £2275 1330 1.635 
| ' 4aq 3478 2147 1331 4,613 

; 450 3516 «7183 .1333 1.637 
! i 453 .3506 277 1329 1,638 
i A61 3507 2176 .1333 1.631 

3 Ab2 +3498 2101 1337 1.616 
B 465 3498 2169 1329 1.632 
| : ; 466 3497 2168 1329 1,631 

472 «3495 2159 .1336 1.616 
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: 475 .3509 .2178 1331 1,636 
| : 476 .3503 2187 1336 1.622 
| i 477 13522 .2178 1344 1.620 
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ie 479 13510 2167 .1343 1.613 

: 481 3499 2163 .1336 1.619 
: ° 484 3485 2142 1343 1,594 ( 
Oe 485 3490 2156 1334 1.616 } 
% 486 3464 2127 1337 1.590 : 
‘3 487 3490 2145 1345 1,594 | 
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I 495 3508 
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TABLE 10 (Continued) 


(1b/sec) 


2134 
.2137 
2167 
.21L5 
2165 
2180 
.2153 
.7147 
7148 
. 7166 
.7185 
.2175 
. 2167 
2153 
.2165 
.2178 
.2135 
2164 
2147 
. 2168 
2159 
2158 
. 2148 


62144 
-2170 
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FLOW 
RATE 
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.1345 
1345 
. 1343 
. 1348 
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. 1348 
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- 1338 
. 1348 
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SABLE 10 (Continuad) 


TOTAL NTO 50/50 
FLOW FLOW FLOW 
RATE RATE RATE 


(ib/aee) (cb/sec} (1b/sec) 


.3507 2168 .1339 
3510 2161 1349 
.3520 2171 1349 
. 3506 . 2160 1346 
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P TABLE 11 
fs 4 POST TEST NOZZLE EROSION EVALUATION i 
ee ABLATIVE NOZZLE CHARACTERIZATION 
4 Pes Liquid Propellant Test Series 
thy is RESIN (2) ; 
es NOZZLE CHAR DEGRADATION i 
i . NUEBER : ea) (mi tb} Bec) j 
£ 352 0.35 to 0.43 7,9 to 9.2 NOTES: i 
, & i 3 
4 4 (1) Char depth measured ‘ ; 
; i 377 0.18 7.8 at resultant throat 
be ee 380 0.43 7.8 with 6 inch scale, 
| L (2) Resin degradation rate 
* 38L 0.33 to 0.49 9,2 to 12.1 ay crletar' tg 
if adding calc. erosion : 
; rf 382. 0.30 to 0.47. =: 19.7 to 27.0 vate: and ahay denth pate: 
[4 : 
: 390 0.14 7.2 Pee a 
an st char | 
i 391 0.37 6.7 y Layer ‘ 
¢ x 
iy if 392 0.08 16.3 Original Nozzle Profile : 
z 395 0.25 to 0.35 3.0 to 3,9 mare ae 
i 396 0.42 4,6 ae 3 
; 408 0.45 13.3 where: 
i x ~ erosion 
i 409 0.20 9.7 y ~ char depth 


t - run time 
Al: 0.27 3.3 


420 0.38 4.3 
H 
7 424 0.28 6.3 
yi i 425 0.26 11.5 
Fi ; 
| 426 0.15 18,9 
¥ U 427 0.25 to 0.35 «11.0 to 13.6 3 
ii 
436 0.32 8.8 
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ay RESIN (2) 
NOZZLE CHAD, DEGRADATION 
NUMBER DEPTH RATE 
438 0.40 9.8 
445 0.35 8.7 
447 0.32 7.5 
450 0.20 12,3 
453 0.32 4.7 
462 0.29 to 0.39 «6.5 to 7.9 
462 0.15 4.8 
465 0.35 to 0.45 4,0 to 4.8 
466 0.37 to 0.45 4.1 to 4.8 
472 0.10 t0 0.50 = 2.6 to 6.2 
473 0.41 4,2 
475 9.20 to 0.30 «5,6 to 7.1 
476 0.39 11k7 
477 0.3? 7.9 
478 0.35 9.3 
479 0.37 9.0 
451 0.37 10.0 
484 0.53 4.6 
485 0,24 to 0.50 3.6 to 5.8 
486 90,30 t0 0.43 4.3 to (5.5 
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TABLE 11 (continuad) 


POST TEST NOZZLE EROSION EVALUATION 
ABLATIVE NOZZLE CHARACTERIZATION 


Liquid Propsllant Test Series . 
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TABLE. 11 (Gentinued) 


POST TEST NOZZLE EROSION EVALUATION 
ABLATIVE NOZZLE CBARACTERIZATION 


Liquid Fropslient Tést Series ° 


(1) RESIN (2) 
NOZZLE CHAR DEGRADATION 
NUMBER DEPTH RATE 
(in.) (mils/sec) 
487 0.18 12.5 
488 0.42 5.0 
492 0.46 4.2 
493 0.40 4.2 
494 0.35 6.2 
495 0.34 6.6 
496 0.34 to 0.43 9.7 to 11.4 
497 0.17 10.5 
498 0.42 4.3 
490 0.52 4.9 
son 1.40 to 0,46 3.6 to 5.2 
501 0.40 10.2 
502 0.35 to 0.48 8.1 to 10.2 
503 0.20 11.3 
504 0.36 10.9 
305 0.38 9.0 
507 0.30 to 0.40 9.1 to 10.5 
509 0.40 to 0.50 4.4 to 5.2 
514 0.40 4.7 
515 0.20 2.9 
516 0,38 52.4 
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TABLE 11 (Uontinued)- 


POST TEST NOZZLE EROSION EVALUATION 
ABLATIVE NOZZLE CHARACTERIZATION 


Liquid Propellant Test Ssries 


(1) RESIN (2) 
NOZZLE CHAR DEGRADATION 
NUMBER DEPTH RATE 
(in.) (mils/sec) 
517 0.32 5.3 
518 0.04 10.9 , 
519 6.38 4.2 oe 4 
wd 4 
520 0.50 5.0 j 
522 0.41 15.0 e 4 
4 
526 9,30 to. 0.55 10,3 to 19,0 -! j 
j 
528 0.44 4.6 iv | 
4 
a 
3 
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Nozzle 


TABLE 12 


POST TZST NOZZLE VISUAL EVALUATION 
ABLATZVE NOZZLE CHARACTERIZATION 


Liquid Propelleat Teat Series 


Evaluation 
Bore very rough, uneven erosion, spalling, insert undercut 
Bore rough, uneven erosion and undercuts 


Bore rough, uneven erosion, spalling, coating remaining on 
entrance and exit sections 


Bore smooth, uneven erosion 

Bore smooth, uneven erosion, coating remaining on exit cone 
Bore smooth, even erosion, laminations 

Bore rough, even erosion, cylindrical cracks 

Bore rough, uneven erosion, cylindrical cracks 

Bore rough, uneven erosion, spalling 

Bore smooth, uneven erosion 

Bore rough, uneven erosion, spalling, some cylindrical cracks 
Bore rough, even erosion, spalling, Laminations 

Bore smooth, even erosion 

Bore smooth, even erosion 

Bore smooth, even erosion 

Bore smooth, uneven erosion 

Bore smooth, even erosion, cylindrical cracks 

Bore rough, even erosion, cylindrical cracks 

Bore rough, even erosion, cylindrical cracks 


Bore rough, even erosion, slight cylindrical cracks 
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TABLE 12 (Continued) 


POST TEST NOZZLE VISUAL EVALUATION 
ABLATIVE NOZZLE CHARACTERIZATION 


Liquid Propallant Zast Series 


Evaluation 
rough, even erosion, siight cylindrical cracks 
rough, even erosion, slight spalling, cylindrical cracks 
rough, even erosion, spalling, cylindrical cracks 
rough, even erosion, spalling, cylindrical cracks 
rough, even erosion 
rough, even erosion, spalling 
rough, even erosion, spalling 
smooth, even erosion, Laminations 
smooth, even erosion 
rough, uneven erosion, laminations 
smooth, even erosion 


rough, uneven erosion, spalling, coating remaining on 


entrance and part of exit section 


Bore 
Bore 
Bore 
Bore 


Bore 


Bore smooth, slight erosion, partially undercut at entrance section 


smooth, even erosion, slight spalling 
smooth, even erosion 

rough, even erosion, spalling 

rough, even erosion, slight spalling 


smooth, even erosion, slight spalling 


Bore rough, uneven erosion, spalling, coating remaining on 
entrance and exit section 


Bore rough, uneven ezosion, spalling, coating remaining on 
entrance section 
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TABLE 12 (Continued) 


POST TEST NOZZLE EROSTON EVALUATION 
ABLATIVE NOZZLE CHARACTERIZATION 


Liquid Propelient Test Series 


Evaluation 


Bore rough, even erosion, spalling, coating remaining on 
entrance and exit section 


Bore rough, uneven erosion, spalling, coating remaining on 
entrance and exit section 


Bore smooth, even erosion 


Bore smooth, even erosion, one cylindrical crack 


Bore rough, even erosion, spalling, insert eroded 


Bore rough, even erosion, spalling 


Bore rough, even erosion, spalling 


Bore smooth, even ercsion, cylindrical cracks 


Bore smooth, even erosion 


Bore gmooth, even erosion, Laminations 


Bore smooth, even crosion 


Bore rough, even erosion, cylindrical cracks 


Bore. rough, 
Bore rough, 
Bore rough, 
Bore rough, 
Bore rough, 
Bore rough, 


Bore rough, 


even 


even 


even 


even 


even 


even 


even 


erosion, cylindrical cracks 

erosion, slight cylindrical cracks 

erosion, spalling 

erosion, slight spalling, cylindrical cracks 
erosion, deep cylindrical cracks 

erosion, Laminations 


erosion, spalling, coating remaining on 


entrance and exit section 


Bore rough, uneven erosion, spalling, coating remaining on 
entrance and exit section 


Bore smooth, even :rosion 
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| TABLE 12 (Continued) 


POST TEST NOZZLE VISUAL EVALUATION 
ABLATIVE NOZZLE CHARACTERIZATION 


: Liquid Péopetient. Test Saries 7 

517 Bore rough, even @rosion, spalling 7 

g 516 Bore smooth, even erosion 3 i, 

\ 519 Bore rough, even erosion, one cylindrical crack oy 

: 520 Bore smooth, even erosion od 
522 Bore smooth, even erosion, cyliridrical cracks ; ae o $ 

: 524 Bore smooth, even erosion, one cylindrical ezack aie ' 

R 526 Bore rough and filled, even erosion, material flow i - 3s 
$27 Nozzle section blown out ; “ 
528 Bore rough, even erosion, some apalling, inlet section = : 


partially separated from holder 


62 | 


semen) fren tee etre ten detec anyones SMe patent tae € 


Ot MF ae a rab 


Pans 
oP. 


Pa 


icin 


hie 


S Pamefowenti: Ne 


£ (NV 9 STTZO0 ISL AYOLVUOUVI TVOINAHOONYAHLOUTY 


= cnn 


3 


Ving 


ios, . ag Se. ot symiy sy! oe m7 
ver d 3 pias E. | Pay [ae | FA3 E 08 es 
Ot Fe aS on Nee a et ME if oe . Bp La 6 Le. Oe Rie os 


“Tt AUNSLA 


3.603 6 


ve Lt Me Oe 


ee | 


63 


nett emanating tie 


len me Be he 


erent ne ne 


Petal 


etre re etn nee net 


rove ot a Oe ae BRO ve i 


RE NE LO SILS OP AD 5,7 MR GE Te OG a ey ae z 
i a Ea nn Se hie Re Sop inate nme pest hot in Borge nr ete ese, gimme cement Bee nee SANE toon gemma “Bees wae TB ag 


7. 


4 


EAE ET 


2 Res 


A Rah SN da 


WOOW IOAINOD 9 TIRZO LSHL OLV “z Bundi 
wr | 
: ie) 1 
:: 
’ | 
a 
t 
t 
t | 
; } 


eR BF DB ae RB ier tirngeoe ser tees rt We ace allie Os 5 SS in, Pee Lirias See are PS. BEST LB EMI OT ome Ee hei) hee ee eos 


Met ge a Meth, otess 2! 


ai Saeed (alah i agile Sousa a ablire anne eesitl ee a 


Cor, Preece 


ONLIYIT YOLVIAWIS 9 ‘TTaD LSAL OLV “€ FUNDA 


= 
ie 
owe 
4 

ir 
Son 
; 

he 
belie 
' 

oe 
Deed 
wane, 
ad 
ren, 
+ 

oo 
~~ 
H 

ae 
oe 
Ld 
ue, 
waist 
ated 
“ 
i) 


ec an oe a ae 


A De RE ttt em ee ee 


Ay 
he 
at 


Seas 
ee coe a 


f OOOTOA 


(aadd09) ISIL FIZZON CIAZIS LHOLYM - YOLOaNT 
YOLON LAXOOU YOLVIANIS INVITsd0ud ATTOS 


“GSSVUS Py ASW A22MS 


°% TANITA 


66 


* Home a he 


nap, ee 


wwe 8 


peNRO per ne poe EK, 


rue 


en moe ys 


HAVMGUVH YOLON LaXoOU: YOLV INNIS. LNVITAdOUd 


WUNIVLEY _ 
F12Z0N 


| -WAGHVHO dat002 OfHK 


° 


Co a ee es. 


artos 


S Banos 


C2) CS 


—2 


67 


Co ee. Gh oS 


| 


Stee Fo Sembee: nese 


AR. oe ose 7 

OR OR han arate ata Atnae eaten 2 

le > rae = - rane (nia i - 

- cal we ~ o 

5, Pa 

ad + 

j 

oa Pp 

4 : 

: i 

i 
dood 


aS AB SE 
a ar ee 


=: 
% 


PFS 


13 
peor 
Maree 


aie: : 
5 
an Ae eens rete 


7 oe ge 
rain 


a 


ae OG ». as 
; ig. 
ty “3878 HG 
S876, Wi 
be, an : 
he i800°% ont s* “~~ i 
e ° (Z pees) i 
. £.605 : + 
ee 4173 DIA -- 4 
ri 
. 
¢ ae 
a i 
e ‘ 
x, 
ri Lia 
ad : 
¢ 
t & 
* a» 2 
oe ¢ 
& : 
t 
, 
$ 
t 
w c 
* segs 
ly | A 
= 
“ow = 
* ra : 
oa 
: 
a : 
A um. 
Saeed ' oH 
4 
; * 
5. oe : 


Nore s A Shek FACTOR oF 
001 1W/is HAS BEEN Atoed To -\ | 500 | 

Ls THE PAET DIHENSINIS To 

‘ PROMVCK THE DIMENSIONS shows a 


e FO1002 U : 
| 
: FIGURE 6. TYPICAL TEST NOZZLE SPECIMEN SCHEMATIC ro j 


68 


wy 
ft 

z 

: 

j | . : 
Q | 
j 4 { 
j ; 

ali, . 
s 

j 


cae 


or 


ae 
fe op naan 


a a deme lene mene eee Sees 
S ee 2 Wekolay 


wae te, 


NSHOS TIdD LSAL YOLOW 


f €0oToO: LADO GALVINNIS INVIT#dO¥d ALIOS: *£ TNDIA 


OTILON POOH” LFANIsaA ———— 
; 2936H AOTZ POTQANE [&} 
t 


PAVEA FOVTEL 
BAIVA 42949 


SATCA POVH' 


‘JO¥s{NFey eanssVaz Sood: 


wy 
Ge) 
DJ 
PAISA.TIEE PETRIE BAOweY bel | : 


@- 
© 
\/* 
a 
ef 
9 


voFaszaownsysUz  Oxnqw2edmaL ¢eanss025 } 


9 
( 


WT 


3 l 
es _ Det ——|, | ti . 

ces ie oe MY — Oe — 
a ol cat ; ‘ : 
ta nee 


ABTNVED & 


69 


Speen er nas OE HE TE pe OR Sa ET antec A are cn a RA AE Sm cet ame ae ore 


V7 
fA 
, 
axvIco 
wave 
Paved 
q 
Tua 
2 AVENTIS 
e 
t 
: 
< 
i 4 
. 


\ a 8 2 Go ts G3 co te Ga oo fe oo ca ka oo oe oe oe fe 


om org ire, he e 5“ Pa ¢ o . SS = m, aed ange, og TA aoe ys . Sr ee ater rronenens rete amemammeers gn eomemmen > 
ania = LHe ea = SY > canned = os tw eg Rg hart snligy abe xe Pa Eo ETE ed Sree oe Be ae a we Yes aT age os Binth Pee) ae M6 sae A ‘tne deeae th ee 
Y Pere, am whale Bae Se BER yr SF ay ya Oo OY P Lays. 2 MAGES “ate DP Pye 


i) ‘ 
ES 
Pan 2 
ows 
ES 
= 
pf oo ed fs 
Bos 3 
oak cS 
Ao = 
2 
t 
x 
n 
DR 
g 2 
2 8 
oO tx} 
a & 
Bw 
A & 
| e [4 
oO 
| rr 
| 
i=) 
Oo 
| ad 
Ou 
| 
| 
! (VISd) a3UNSSayd WIANVHO 
70 
wd 


a ai an lm NR 8 har an eR aCe Os 


= ae ge at 7 Boos ORY coe ee ce TTI apa 


SIZZON C-ONVWA - SNIL SOSYHA AWISSAUd YAGNVHD “6 FUNOII 
998004 (spuo5as) FL 


09 9 @ 8 we Ov 9  @€ 82 7 OF 9T ZI 0 


Oot 


002 


L 


oor 


(etsd) FUNSSavd WAGHVHOD 
7 


“OTIONAHd 
BIO1D ‘IISVAAY 87-00TO 
INGINOD NISTY ZO° OY dH 


c 
E oad 
} 

ae 
ae 
‘ 

if 

be 
~ 
Li 
~ 
} 

ow 
re 
{ 

4 

és 
L. 
ed 
' 

ie 
ven 
iy 

he 
on 
a 
I? 


9 883 GM Gea to 


se awen (whe ' = E — a an a Se 4, * B42 tenet comma mermtentrt = 


: > 
4 ~ aeane 
fe = wo HH ~ 
DB sass o 
Ba 3 ieee 2 
G ~ 3 Han 8 : 
= Sm patee . 
oe] eeugas 
pag iii 
aS at EHTEe 
xr PHA tests 8 : 
57 3 HE g 
ook rr 4 Ss 
oo) a Hy = 
Haris - 
ae : 
' 
Fs 
= 
! : Es 
Pee : 
{| iti tH +} Saab n 
ages sseseee “on wz 
EH Tete m 
seit 3 8 
Tentnistest 5 
.#) 
£3 
‘= 
sesssersserest ae 
we Hit htt 2 BOs 208: fs 
A ELE A 
HM HneeEsninetitist PEE stiittest a 
Hu iitlemicisitieeuteieet 5 


etestettitass 
see snastsece 
siseseistice 


FIGURE 10. 


a ieeaa fase 
Hii 


24 b4.4 
eeuet seas 
eeeer suees: 
egeseaquece 


H 
i 
bisesiees 


2 
rh esaves 
gs uecsseusces 
titi litiontittittii+4 
oS demvbed St hed Lhdedebtches $-+444-44-4-4 


eo 
ses Lda heds dudaster nian Aucbehoduduiabebecsaetecebndetndekebedechotel 


Chios 


(8ted) ganssaud WIGNVHO 


72 


OTIONa 


898004 


ae 


4 


4 


TIZZON 4 


87 


Hd Q1-16'LLO 


HLOTD NOWYVD T-VOo 


INGINOS NISHY 76°04 


ONVH 


0 


ANIL SNSYZA FANSSHAd YAEWVHO 


¥ 


(s 


puos3s) gWIL 


it qwunola 


eres 


00 


00 


T 


€ 


(esd) aYuNSSaud URANVHO 


13 


ss 


{578 


| aE 
e > 
Es e 
| =) 
| J 
r=) 
| (s) © 
i 6e 
tu § 
ao 
et 8 
73 N 
: a 
393 4 
BA 9 
Om c 
| ~ 
a 
a 
< 
| 1 
: Fi 
e 
"a 
| 2 
| a8 
| = bs 
| 
an) 
o § 
a MN 
~~ a 
| ~ 3 
ro} 
! A fi 
| gi 
| 
) 4 
rs) 
nN 
[nd 
& 
7) 
Sn] 
. teu 
‘ 
E-% [oo] ro) (=) ‘ 
8 8 8 8 S 
wy wv “ N wt 


(eysd) FWASSTYd HAGWVHO 


74 


oS ae at ies eae 


eee soi Ramana amend come ene oe 


BB SREPT EA Na ond cna scene HN UR arad Abe Aran 


7 
- 
a 
i 
& 


ae 


ne 


“a 


-—- 


a ae 


31.3% RESIN CONTENT 


C100-48 REFRASIL CLOTH 
CTL91-LD PHENOLIC 


8 SSR aa 
FOS SHOE PeOReFEREE FESR 


etsesssis 


SSSSP CONST BASES DERN HE: 
‘ee agaves 1s eeTe 
Seesngenes ieesceuse 


e 
enaens 
ouaee 


id! 
He 


i 
He 


i 
33 
tf 


we Spee on 
fo ranlat toto seuss 
esecen 


: 
HH 
HH 


LE 


oy 


(etsd) aynssaud WIGNVHO 


75 


FO0S70 UY 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 397 NOZZLE 


FIGURE 13, 


erg 


y 
ed 


free 


‘tia ras fs 


Pee es RS 


40.0% RESIN CONTENT 


C100-48 REFRASTL CLOTH 
CTLI1<-LD PHENOLIC 


(-t8d) UNSSHud WIAKVHS 


76 


Sesesen 
AERO 
sawes 
senee 
eeted 


FoOa71 U 


iseconds) 


TIME 


ASD 398 NOZZLE 


CHAMBER PREISURE VERSUS TIME 


Is 


FIGUR 


8 


pa 


ae 


w Ks a 
Bee AeA Te Rae 8 


3 


Neila 
ate 


Sate. 


rade 
‘aa: 


Oe 


A 


ye 
aan HEA 


1 


SEES 


oes 


Boy 


ee Ie 


Fie 


ss 


2S ee 


EN 


ae ane? 


fav eee 


Sa ne ae ae 


aK: 
se 


psa 


seen gmengeenrty 


a Be 


22886s benes: ” 3 OUSSU daca sazseacest: 
een ry 
HH saecessise siescccesats soesdseasasessses 
sensteser aguage on scgysesasesery 
rt rot 29: Spb htt 4-4-] 
H sous wasctsessecacucns 
metense aeseewae ae 


senses 
sogussusecsesns 


F00872 U 


esone om 
misiiitiictii st 
i" sagesassess 
sesecesaas 
es en 
enesa 


NOZZLE 


- ASD 400 


Sogcetecesseegeerecse 
eceesssesauccest' 

gessed erassseceyersr fate St HEEEEEE 
6 ee ae 
sedfabsestitasttatsi ices Siienissestss 

ae noose H+ 


sesbeces 


TIME (seconds) 
CHAMBER PRESSURE VERSUS TIME 


Hi 


arti 


HH 
TH 
s3segpesss 


pt 


HE 
i 


i 

E 
geen 
FIGURE 15 


Bf 
: 


8a Sees: +++ 434 ae eee' 


sees 


bzzse 
H 
i 


seciteeda rstases 
etext 


HH 
Hs} 


Ea 
tte 
ae 


Theses tr 
riirrhrtees 


(etsd) FaNSSaYd WAINVHO 


77 


tit 


oe 
an: 


Nh £28003 


SESSSSSSEssagspessse 
aH Htataiie 


HHH 
Rucbeceeeeecesates 


ae 


Hees 
a 


a3 
Besegessteer 
om | 
aa 


seeiteerestanniyieite 


e eueesesgesesseqeass 


oe por 


jeuanee suas 
Susessass 


ry 


aceite 
TH 


secchtseas 


FIZ 


BY 


ee: 
ene 
He 


s 
a. 


enee 
founs 
eseaneas:; 
Be! 
rt 


Hay 
po 


et 
Boece: 
sates 


HILO) ‘TIS UsIay B7-7SS 
INELNOD NISTH %6°O 


oe 


20N Y1I% GSV - 


EH ETE 
Hueeeieeetnneeeeeeer 


e 
tH 


saest 
baaeee: 
8 


pesas 


prt 
e 
EH 
eae 
rt 
tH 


ges 

on 

pers 

Hey 
cseress 


£8 SRS Soe 
eee: 
ones. 
seesseses 
eees 


EET uitt taste 


ETE 


ee 8 
ee 


suscsse 


@WIL SASYZA AUNSSAYd YAANVHO 


(spuocses) ANIL 


ise wees 


Speer 
Seeeg 


it 


Hy 


Sears 
ass 
ats 


eee | 
Beueesese 
rT it 
weaes 
HH 
a 


Es 
Ht 


pth 
Frtha pis 


gescesee 

psesesscs 

beoes gare 
iasirett 
HHH 


Britis 
HE 


PH 


sees! 


Snasscoas 
seese 
rt 


fe 


FEY 


igessiiseits 
sail 
site 


HH 


“OT adNold 


oT 


TT 


Sevan 


.} 
sets 
ATE 
i 

= 
ise 


ine 
= 
inl 


nesses 


Hite 


ef iS era 


g 9 
Fen astl Hil 


ae 
ee 


78 


(etsd) guNnssaud WaNVHO 


s G03 C23 Eco 


Bag 


Revenge 


F-3 €-a 


"3 


* 


basen 


-5% RESIN CONTENT 


40 


1550 GRAPHITE CLOTH 


GATED WITH 1.0 TO 1,2 


CRONS OF PYROLYTIC GRAPHITE 


89808 B28: Sagal 
89090 Bence t.RO8 OS: 
e soowscconarzaee tt 
ee 


5h» -+-4-4-4-9-4-4-4-4 ae 
os Beene 
eds Le 5-p-2-b-9-4-4-4-1-4-4-0-4-1 score 
eeausenegevse ee 


eaqnee 
i ROE ARS sRsEee éme ei: 
+4 seese esess: eoneas: 


PROTOSS SOOCE 
ef aaeengess Soecuceees, 
D hpngbednd-b-bab-b->-o-d-4-1 ose 
SERGE CHNOE FHNROHOSSE SURES O: 
anece 


beoe 
ity 


TTT 
H 


fH 


EL 
EEE 


He 


(etsd) auAssaud WIANVHO 


79 


Seeks 


FQ0874 U 


TIME (seconds) 


ASD 416 NOZZLE 


CHAMBER PRESSURE VERSUS TIME 


FIGURE 17. 


Se areal 


are ‘ * - os = sae | 


TYZZON SI” ASV - GWIL SNSYRA FTUNSSHUd saAGWVHO BI wandid : 


(spuo ces) FWIL 


gm $d800d 


002 


80 


oof 


(esd) gunssaud WENVHO 


oos 


77) Sa okt tnenatntan 


a. ge wet 
Be $i Ma Fe 


SS 


ieeeg bare 


: 
H 
re 
B3 
qo 
Be 
mh << 
ad 


Bele 


eng 


Pad Rete ne gag 8 test t— p nate 5° 


AND CCA-i CARBON CLOTH 


CTL91-LD PHENOLIC 


14-4 4-4-+-4-$-4-4-4-4-1 anes wa 
Lh bh -0-6-4-4-5-4-$-4-b pd hag ohh} 
96 BONAS SHHOE CHADS FORSS BOE 


(etsd) ZuNnssaud WAGHNVHO 


81 


FOO876 U 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 419 NOZZLE 


FIGURE 19. 


| 
| 
| 
| 
| 
| 
| 


nO LE NNR PEA OCEMETE “ETRY ETRE Wee GEN me DER TRET rym OATS Eg ENS Tee ST IETS OS 


FIWZZON 127 GSV - BWIiL SNSYBA TuNSSadd AAAWVHS 


Q 448004 (spuo20s) SKIL 


1 Lene . ; 
Pe OS ay eB RY a we Phew cnet nee ene eee names bene pate | nes eta Sones. ah ae Pee 


“O¢ wanord 


tA 


0 


0 


0 


i¢) 


0 


0 


€ 


vj 


00s 


@ 


(8tsd) aYyNsSaud WIENVHO 


82 


sis 


tn mens Sot Yomi — tat 


FIZZOR 82h ASV QWiL SOSdan AMASSTad THOWVHOD 12 AMAT 


a 92800a (8puo 28) AWII 


Be : iH oo 
Le a ae a 
EIU HEGRE eH Ee EE EE Ee EEE 
a Hh eee 
UH RE EL 


aE 


(878d) ZYNSSaud WAENVHO 
83 


EE 
re 
. Te 
a 


abit 
Et) 


sesesssests 
Sa @i- ena 
BEY) aALIBdVES 04,1-9 


JABINOD NISEB 22°19 


HLTH EE EEE ET ERT EH Ec 


onedeveace aur 


Pastatrts 


BS5 Rs om 262 sw 6 So 6G SOR OM Ob lO OK OU OU COO e8 


a 


De ea eG 


ie 


Me A 
by 


ONE a Ye aI 


ee ne ee 7 


ating ee Sia nA em car ik 


ee 


40.5% RESIN CONTENT 


CCA-1 CARBON CLOTH 
PHENOL- FORMALDEHYDE 


ss 


erenen 


sauces ter ‘eeee 
peee: 


is} 


rege 


(etsd) qunssayd YAaNVHO 


84 


i seeaenvessess 


F00879 U 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 430 NOZZLE 


FIGURE 22. 


RENO REY, if ms baa eae TE EI SE SIE ETI TE OPE ELLE T ETN AE HAE P EE IME IE TOs eA 


TIZZON It? ASV - SWIL SNSYAA AANSSAdd YAGNVHOD “£2 AUNOTA 


a o08s800d (spues3s) AWIL 


SEH Hilti HTB TTT Hig 
HHH HE THT ti ee 
cal HT cH Ee HH 
TL a eee 
ue HH H 


ay 

Sa | 
ee a a ae 
. 

ae 


85 


HH i 
HEE 


H 


eeecence 
Scabe 


segeseneses 


wupecnocsos: 


seseseeeteratse 


oe neces ces: 


(etsd) qunssaud WIaNVHO 


anes 
eee ieee s eeeecee: 


Hp 


i HEH 
i 
i 


HHH 
He 
Ht 


veo et 


a, 
cca eeeee seawasesan 
£ seeu eUeE, 


3 
HEE 


oF. 
ws, 


(17-ZOT9a) 
aq AHACTVAUOA-1ONAHA 
' HLOID NOPYVO 1-VvOow 
INSINOO NISTY 19° 17 HEE EEE gc 


eS 


Seen Say OSS @260 bes fee UkeRlCURlCU COEUR OF fs=4 §-4 fer) 


hei fey F.:9 


DEERE RTE GR aT TR Nt SNES 2 FROST EN Bh 4 nea as Py cea me a i . 
a Sag EC ie 5 ‘s - inch ph AMP at cet wt Neaadialyea 


2 

¥ 
aa 
—. 

* 
aé 
-= 
ot 
at 
=a 


SIZZON Z€%7 GS¥ - ANIL SASUBZA AUNSSAYd AGMNVHD “72 aNIId 


A 18g004, od atta a 


ER i ERECT 


Hie 
ETT EE PRE REET eT 


Tt 


9£ ze 


Ra 
Hea 


TET 
THT 


ae ra 
HAE ETT 


He 
ee 
TAS ay Tana TT He TR 
ce eee ee ae ; 
ae | 
| ue | : 
aH "g 
Pe TE Eee B 8 
Se iH 5 


cov 


Be. 


iret 


($z-€S€z4) 
ACAHACT WHOS ~IONAH 


oos 


eth Se ee 


a 


SIZZON t£% ASV 


A 7eso0o0d 


sexdeeeda 
on 


rH 


HLOID NOFNYO 1-WooRHHE 
INALNOO MISTY ZI 6CHEH 


ES 5 25 Gee Gea Gg Gan 


etter SL Ro le bts 2 eke 2 eee ne wee s 


- GRILL SOSygZaA aanssddd YAGWVHD 


(spi0.88) ANIL 


ine] 


wa 


0 cence enonn sess 
ow: 
eraquacee 
as seees 


a 


onedesd: 


SRELSSSESESCOSE 


a Es oe 


3 


“G@ qanold 


& 4 6: 


0 


0 


0 


0 


0 


0 


0 


T 


zZ 


€ 


7 


oos 


(etsd) auNnSSavd WAENVHO 


87 


ORAS DEE LANEY, Ee CN QT Eo 
ey ig . 


£9, IO on ORs F 


AIS Beet, IN PRE ARE SOP QLEMEUT ENG OWE ENBSTE LE RENON LE OLE HR HAI MEL AN : Be, z : ‘ 
ae MONE ee 5 & RS ee wy ee? db oF BE Se ee Coes i. NSM ie Se ee sans : Ltd 4 , og 8 Box 8 
Se COO Se ME US Oe aut Cathe RSs eae Ratad Bann a ae Se hea a ee 


PIZZON v7 OSV - AWIL SNSUBA BANS3ANd WAGWVHD 9 3¢ NTS 


(SpUO 28S) BWIL 


ee Man Le Tee eae 
1 a 
a He 7 Hit ae HT He HHH 

Hi PH et HH loot 


ay WeoE cones cones 


OEE ETFS EOD GE FES. 
Srwemaspece saves. 


BURST F 1ENE PUREE DYTER RESET 


Hise 
Eee sii 
3 ee r 


Oot 


(etsd) qunSsayd WAENVHO 
88 


Hu 
38 


HH 


007 
SNA IANANGAIOd doo 
HIOTO NOTAVO T-VOO 
INSINOD NISAU “42° EC oos 


TNT SYR ee ap a PR al tT Re at 


PIE De Neen VE Fee Tartine eg aE alti ERE EO 


VB gS ORY Pee eal 


ern i re eat ee ereatane pieberlin enti EER bretiere sweet. Shes ia Dee a9) Renal Pier IDS FI BER: eM Ste eh StS SEN near 


imo Gee GQ ST 


tty 


eenene:.' jaqasenecsaencsoenss 
senea eae tre eSaseersunan 


iCCA-1 CARBON CLOTH COATED 


b 
tHee 


41.5% RESIN CONTENT 
WITH 1.0 TO 1.4 MICRONS 


HHO TRCONIUM 


on 
ae 
os 
tty 
2s, 


9S OROOR CHORE A 
Hr 8S HOSES BAN FE G: 

. 4.4 Sane seons eees 

eonnesess bbb 


IaH Hainer PEERS 


estas Ha Soe sigan 


Sees ee eed ea ee ate ed 
soses cease poondcncedccesa snes, ese 
epeen persia aiiereiesnertistgsitc: 

8086 aeeeseaans sees seseg seaaeseass sag: 


Besec besedseces cases aepe oseng sees: 
3s PHEEEreest ev EeH 
padseees 


TY CRODE DP 
seetcih seese esee 


Se ene ees 


i) oO 
Q cm) o 
ws Pw fon) 


(etsd) qunssaud WadHVHO 


89 


FOQ884 y 


TIME (seconds) 


CHAMPER PRESSURE VERSUS TiME - ASD 435 NOZZLE 


FIGURE 27. 


an os z a ees OT IER ERI SEA Te ae Ea A TTS OO a ga 
2 EE A ANI YY  POTE. O cS ONS FE Reg PER EINE MB, nas cer hs . se eerie 7 
gas Re 66 Ses PER ES aa ae Ne ere 8 Fhe Gare ttn tgla See, St Sh cca rte aoa Se St nce 
cl GOERS aLORR CATE ANTES OIN ROR Te ig RIAD es a 


TIZZON L€y7 dSV - GNIL SNSUAA AUNSSAdd UAGTNVHO “8¢ FUNOLA 


he sggo0g (spuoses) aWIL 


Hid Spee bebe He 


HEE 


Hi 
alii 


tat 


eee 
rt 


Seeges ses 
seees esse 
tH 


= 


fesse 


ae8 
° 
° 
io] 


Fee 


Ht 
ie 


(etsd) aunSsadd WIGNVHO 
90 


sSd5d siessHeaitee’? 


a 


sae 
Ta 
brecmmawh 


eee SNe Cees oge 


+} 


3 Ope 


neseues pee: 


a 
ie 


Ht 


SRaienteest 


ess 


eau naveceseea 
80g BaSSe e 


sei izeas 


HH : 
Teak H aap titi th 
sucseserestice Hl i SHOES Hag if 00% 
PH ET HE HE {BRT 
OLIONHd GI-T61Lo HHH HH He HHS 
WHINOOWIZ-FLINdVUD OILATOuKa HA isha: bids 
JO SNOYSIN #°T OL O° HLIM HES HHH i ae HY : ae ii 
GaLVOO HIOIN ALIHAVUD OSS19 HARE Sescs Seuss pseee ssses HY or 
INTINOD NISAY ZI° 1% ieee Ho : si HH: HEE eititil 00s 


Pd 


Speman et emergent i en Kee me ae me oh Ae. xe a 


tae eS ue ae Le 


& 


on 


ae 


“ee 


’ 
he 


a 


Coal 


om 


aw 


INCH OF PYROLYTIC GRAPHITE 


R120 PHENOLIC 
735 . 


42.1% RESIN CONTENT 
WCA GRAPHITE CLOTH NOZZLE 
THROAT COATED WITH 0.005 


gee Ht+ 


Bas. 


Sea 


neeoe tt. 
genes Ganen bn008 SeaSS 


16 


ase 
asseseene 
jeueagne 


12 


i 


Hii 


cesauanesesecenssews sens 
BREE 
Sesesceess esse sone 4 


SROOR SHGAS SOURS 


(etsd) auNSsaud WIENVHO 


91 


FOO886 U 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 439 NOZZLE 


FIGURE 29. 


ad 
a 
of 
“4 
x 
: 
ae 
3 


TO cme et HERON UN aR TAINO Rtg EHH Rh EEN iain cen 
an " S A 
Fo AS a aig ce Danaea 


\ 2 


2 


‘ 


| 
: 
i 


setae etme 


a? 


WCA GRAPHITE CLOTH NOZZLE 


Hf THROAT COATED WITH 0.015 


a 
H 


FS INCH OF PYTOLYTIC GRAPHITE 
ri 


Sgsagseseceses fates 
Hr} sea08 ace 3 


Hd y 
ry jeaen 

t ‘wee tre 
peeteeess 


wae 
wet du] 


ceeaseeneneeess 4 
eeeee: syeess aetis 


(etsd) aunssaud WadNVHO 


92 


FO0887 U 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 440 NOZZLE 


FIGURE 30. 


sees 


“Be 


sa 9, 
peat 


Hegre 
pee 


oie a) 
eo 


cars 
Sat 


FOO888 U 


R120 PHENOLIC 


WCA GRAPHITE CLOTH IMPREGNATED 


WITH R120 PHENOLIC / 


E 
o 
rs 
72] 
tq 
(4 
re 
Laps 
N 
—t 


TIME (seconds) 


om 


90». gone: 
00 BOF weSESSS C8: 
of secneees se 


2 290080006 fesse 


t 


om 


CHAMBER PRESSURE VERSUS TIME - ASD 441 NOZZLE 


FIGURE 31. 


} 


band 


(etsd) aunssadd WIGNVHO 


. 93 
i 3 


7 ¥ 


FIZZON Cy? ASV - AWIL SASHAA BUNSSAdd UAENVHO “ce FuNoLI 


spuo sas 
Qn 6gg00a (sp ) IWIL 


O95 5 106-1052. 80 oy = = 
TEE eee 


EE ar 


€ Bz 


Stseaseues 


94 


|S ReaNd eEees cane. ce 


(etsd) AWSSaYd WHGNVHO 


OITONAHd OCT 

GNVUAA SX HLIM AALVN 

“OFNdWL HLOTO SLING Vad Vom 
GNGLINOOD NISHA ZI 7+ eae seessoncce 


34+] 


Sunt eats Web Gee oN decide od a ‘ ” 


wD 


a Ma 


f 44 


3 


NATED WITH LIV-X22 POLYIMINE 


R120 PHENOLIC 


WCA GRAPHITE CLOTH IMPREG~ 


& 
g 
8 
z 
e 
% 
3 


esses 
Spiteieessagre 


(esd) gqunssaud WIaNVHO 


95 


FoossO U 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 443 NOZZLE 


FIGURE 33. 


4 
z 
4 


2 etawl* 33: 


BB 
2. 


P 
we AR 


Ma 


"Suekcege? 


e 


eh eer SEEM et ce ere LE Nee 
7 Bes ye Qeente 5 

MMO Pe aed > 
ethan ote Sue ENE S 


“ 
whe 


an Ey at 


ae RIN Rn Ee eR 
? 


Ree 
Woe eon 


1@ 


7 


eRe 
wits ite ab 


» o> 


aera, ELIE SE wa hs a AAR 


as 


SB Venns Boose Male pe. 


wy we eg 


ane 


| a m ed sanassnses ce: 
j ro) 
B58 P 
> On 2 
d og a 
z wz S 
Oi =] 
i a E Ee & 
=H is 
e Bong 
H fo) fr] 
| ones 
Bee q 
n e [>] 3 
i QO z 
ao me 
52 O a 1 
parr zo $ 
wn & + 
Or B 
s+ © [-¥) 7 
; nN 
‘e < 
rt t 
H 
1 + . 
; on 
5 
| “o~ iv?) 
! 2 8 
8 
es Se 
' © B 
~~ ”n 
Qf 
| He 
Serpeseesses fa 
HGR testis : 
io] 
+t 
ey 
oO 
het 
<7) 
ssscgeseses 
Sie rE 
(eysd) quUNSSa¥d YAENVHO 
96 
" 


Sort 
N 


Beef 


z 


we APO 


ee so 


fg 


Cray 


Es] 


TL91-LD PHENOLIC 


G1550 GRAPHITE CLOTH COATED 
WITH 1.0 TO 1.5 MICRONS OF 
PYROLYTIC GRAPHITE-TITANIUM 


ral 
G 
z 
oad 
wn 
fe 
as 
qi 
+ 


Cc 


(etsd) GaNssaud WIEANVHO 


97 


FOO892 U 


TIME (seconds) 


- ASD 446 NOZZLE 


CHAMBER PRESSURE VERSUS TIME 


35. 


FIGURE 


ce cia 6 eae 
Fee eee oe, ee ee 


a 
eR FT 


on 


Ny 


“ 
Co Bee 1 BBS 


Matt 


se 


y 


RAR TE 
: Este, ML 
ee os, 


¥ 
a 
a> 

Er, wat 


ay 
ve 


os es 
SO" Pa 
wie? 


eaten 
one 


Anke 


ee 


pik PES 
RO LS 


Se 
AN 
oe DR. 


net 


Ne 


ea sasesossecsssss tte 


ues 
+ LAY? 
ele 


oo 
3 


* i 
x; 


oie 


FS 
totes 


RS 
= 


is an as 
Bares 


Kas 


FO00893 U 


Back 


40.5% RESIN CONTENT 


CCA-1 CARBON CLOTH 
# X-8 POLYIMIDE 


ASD 448 NOZZLE 


HH 


e 
2) 
B 
a & 
2 
ete ; 
3 i 
. » ee nt 
a. a 
an n oa 
~ 4 
wa x i 
eaisscctseess ease sesegece ones Sunes: see = a le z 
Spriatasessugssosesgsores sassy ssasaiovassazesseesasasets as 
sabestesss iaceatstesstssts Prrerirrpeseagrenety Sesceressseor: ssessassesehenes a i 
: ostuasssenssszasistsssssssseteesspssss sessssssaestassas : ¥ 
oO oe 
a 


FIGURE 36. 


, +4 enna 
SEONG BROSe Cases 2BgS0 FOnEE BEERS O89, 


(etsd) JuNSsaud WAVEHO 


98 t 
a 
e 
; 
*e 
; + 
t 
or 
*y 


TSRNGE, 


ee BOs era kere ESR nee ease th ae soy oe = Cas ae ee - x oo = » ra 2 “9 aa % Hee ~ o 4, 7g Leu # woo a 2 
Nea ‘e: Le Pde & oP <a Berg Se a so BE). ¢ > E SB ig &% a re aS £ ss, 2 Mi FT, me of ot > _ 
pikes Dad iceoctin eas oo Soe Lakon. dba andes i A Pee en Bee ee Ae tbr Cage pt Lasse és rh & 


AIZZON 297 GS¥Y - AWIL SNSWAA ZINSsSaud UANWVHD “LE TANDIA 


Spuo0 aes 
fh S6R002 (Spu0298) aKIL 


ae 
on 
ae 
Lid 
~ 
ry 
8. 
Hy 
eeese 
esse 
yy 
i 
oe 
Qo 


Hi 


ae 
lal i : BREE eet reeat 


a Hit HEE if _ 


a 
| ul 
_o 

a _ i Lo a 

aT eae | 


3 ine 


seeesins 
Yd WENVHO 


Saecascess 

GRE Bi ADL 
Sessersese 
sareseescees 
99 


7 
e8a8 


iin eo 


OO£ 


= 


a ea 


att 


(etsd) aunssa 


ty 
HyttH 
sae 
caRees 


oe 


ats 
senee 
Septbekaeeebe mead 


beeesseeses 
avons an 


oan: 
one sacee 


8 
soeee 


sea 

oe 
° 
(o] 
st 


C 4-4-4--4-5-4-4-4-4-4-4-444-4-4 


Sod 
asaca 
Nt 
+t 
a 
agis ¥ 
oe 
enawe 
itt 
rr} 
eeae 
r 
sseeee 


vee DEReE PER 
jesane } 


HEE ae 


sesseisuse 


T 

& 

—~ 
i 


aaa A ee Ne 


Ara 

t 
Py Re 

gp 

A 

© ae 
‘ $ave 
> % 
% eee 
Rts. 
$ Re 


eos 
ee 
es 
‘nuh BL 2 24 


Se 


. at 
POSS Re 
&. re) 

areca? 


ae 
So RENE 
ae, 


RRP OR. 
$Se 
vy 


iK 


x es 2. 
‘$ . 
BeOd os 


roe 


FO0896 U 
wan MER ESOS - 


es 


+ ae Bg 
a & 
a he oP 
mates 


PEs, 


BS 
a SiR 


wee ge ae 


6 oy 
ke is 
Ret 


ee 
ey 5 
Rage 

ea EM! 


Se 


agg 


i 


Oe 
S288 
sitet 


Bates 


a 

¢ 
as 

a 


al 


ee 


Bk 
9 a 


b 
as 


oe, eae 
ey Boy 
5B 


” 


‘ED. 
MS oo Ew ad 


Seepasensccecererss Seen seeesssces Beene essesags: 


a 4 t 
rH Re Pewee Perens epase nny: 
aes ry ses evanscoces eeateseeectese a8 


TIME (seconds) 
CHAMBER PRESSURE VERSUS TIME - ASD 356 NOZZLE 


FIGURE 38. 


iti 
2 
: a 
eens Ee ote 


HE 
a 


' scenue PSCC Penne: 
sesegoenes 4 
aquasseees tue 
9 oNen: 
1S FSSHS SHHRS SOR 
escas seuve 
RUNES seapeasReR 
eeenn coobsvenas 
eben suene suena 
i ontutendammnbanst 


H 


(etsd) AYNSSaYd WYNVHS 


100 : oP 


OO RR bee OE Oe OG A OL Ooo tte Pe ao Oe oe oss fas £23 em 


(sptor0s) 3WIL 


Qh 268004 


ATZZON 8S€ GSV ~- GNIL SASHBA AUNSSAUd YAANVHD “6€ AUnoLA 


(esd) aunssaud WAgNVHO 
101 


HOTS SLLGVUS GAAUVYHOAUA~NON } 
ENZINOD NISHH ZO"SE 


a a Fe en Kinney oa ae mae te rer me ome dat -aPate arFbe et fore a, si Rt en sl 


Port sarey ~ 7S Prod ee ead Sate 9d Sk ial SE isd wy dts 


6 i 


aa fe %, 

7 pe a ae Se eel 2 a 0 ene 
ony 

Be 

ley 

So + 


4 


> 


Ny 
A 4) 


v4 


PRECHARRED CARBON CLOT 


= 
geet 


3503 


eres 


2 £e 
geese s RAE 


fp vier, 


. Seuavseses 
" eSteees iets 


ad 


PRON as, 
vat 


rete 


os 2 ee: +4 
SHSHGS SOSEAN EERE TBO Sabgen 
SRSng Rad SEKOT ows: 
wearer 


we UE 


Es ak a 


(sted) AUNSSaYd WAGNVHO 


102 


FOO398 U 


TIME (seconds) 


360 NOZZLE 


CHAMBER PRESSURE VERSUS TIME - ASD 


FIGURE 40 


woe 


Sion 


HTZZON 99% GSW - ‘GEL QA FENSSENd WIKVED oI SHNODs: 


0.668004 (Spas seg> BHTT 


| - Beaaee Se mame 
cer et a ARIE 


a neues SReeeee 
| eeane eam eg ae ea 


PETE EEES By ; Bate . bic 


= 
He 


rt onne pris 
sige Hi baits 4 or Srewegttectrits} wa fed 
HE a Serer init Ss 
EERE cere Tae gaia ratiin B 
H Scebsececssoiacces33 azets : 3335 55254 32553 $425 3 
SHUNT Haty reas phaeeriag rr Stas coaee ase eae TAst EE TE Patra temnerterh jooz 
He 3 SeeLELEEeeeuanLtn staat eH : reer ;.- : : at eae anf rem : reat TSG EH eet isa ish % 3 
rt esyyeess q isoe ees nt 3 * vs 2 Svsee $s 3333 + om 
HEHE BBY Ae ea ee aa Hoag SEE EESSl cette SEE HEELS 
7m ere a) b edhed 
coe Hi Se eee 5 
sail Tue SEESSTES CT 33353 
Hai ane HSER HH ae DS 
¢. ¢-F} a he fod . anak 
i siete cee ; ae sabe fesse hates taase HEH|OOE 
: Hee peteies SHESTEGSEEHIEEHEL EULEERtcee MS 
# HEE oa r Ht Ss REEH ETE saeeaaeh = 
alent ous see pte 
Hee Bribe SHEL ES F 
peeeit eee a peer ante Tae # 
rTrers Saecaneeee dibgeecekos Od od a 
a Secedsngeeytess eves teattig? ties s robettae iasaesaeay iestestit ce ae =f : tg 00% . 
EE ees Fe ESSERE EE ST Reese steeple ea ise Be a 
eugguivigetatestentrtascyseapersstgi ate aia paired fan getting metres pile aaa ve 
EAH aE ee a mee ee Ges ae ter eer ee ees oe eceee ae 
Stents eee 
aoe a ip) 3. ORS 


ta 
5 
pm) 
Oo 
3 
a 
ee 
i: 
et 
Hit 
Hea 
tent 
S238 
East 
Gk 


= 
Boecns wos pheets 3 
heen. eesti ises 


She bnk eons > “ 
. : Linstead at at a Le a Oe: 
ING. EXOS NISSY 20°25 pices Estag penne hese steed sened steed Pmeed saaes sscisesses ss see ener Tmeiate 3252?" (aya 


BRR GES fas Eo ul... i 


BE Cs Daly ERTS petites meme ee 


estes t ea ee sd FM ay + = ce . bd 5 + od “ » 
‘ BS ss » ' * 
yates na eee nennecreemnentnten fi acumen. AOS 


trays t 
ose eos we a” Se no ron. va er rer 


ye ok tee ee ee ee ee ee ee Se a ees 


‘MIZZOE BSE. ASY - UNTIL SAIVRA TIASSAad BVARWHS “cv WHOA 
{spoaose) SAT. 


fasts 


+4 


34 
Sit} 


* 
S 


ie 


oi 
Se ERES F: 


geet 


¥4 
re. 
8 
Seseese 


B 


st 
104 


<e 
a 
be-tncnand d 
je eeeess bene: 
Loewes 


cat ad siec5 


a 


: ; ‘ : 3 ytt SHIN 


+9 RR 
EY 
4 


ersseeet 


Sessa 


+F ir + 7 
paasiged tides tice eat aes Siesze 
isegsiee ap 3 
2a i 
ae ath ae. 
t ‘Baiey: . , 
. alate a Spt 
P ay TisToetg sedees 
i‘. fas LESS OAN is Stah3 a anaes, 5253 
: ‘ tht Reewe: “ ry 3 ‘ 33 Y ett 74 a 7? sSsassestraccas Saeenes Reet 
i aRae poe td . ae Sedona’ 2 rbias Re Lh dt ded Seees bees |. 
. oyss . ae ‘ 8 x is ee OAR VIS WHR: : y ¢ 
‘ sen PRD 95 = $2 4 cesee neste § ee 7 . 
1 ‘ Stee ‘OS 5 Req PRS LOBED eed +4 
3333 Se a8 St toRSs. erty 
a : z ane ES LISTE Heoes Eieg cess 
A ¥ * a 4 . . 
in : heinhnd 
@ PEEee £9 
s8 8 = eres we 
: < etegieiee! es fied 
: . ridaire wuts] 
% : ova0: be RX Cx LOO SRewee 3 as Se . we gasayaeens | 
4 IOV NOOLTAS GQUueyERe as Sa: ; ait 
< ‘ 
ue 
. 
z ' 
yo” 
we 
ics ‘ 
ts 
ro i , 
A p ‘ 
re 
£ 1 ‘ 
‘ : : 


serigtentinsange? Satan eradenne Nea gy eas eds ae heed see sie gb : by 
Se Se abel Sad cbc n ee WU DAENAOE tao OARS Rat, RIE ROARE go oS PB 7B ae Omnmenm eset 4 etait eri 


“ 
Rare CMRI IES RCN ES 
s yea ph erelkainehere. ‘ 


£ : 
Se? peed LS pot sh eon. o. Bae 


‘ 

Roa CaS ec ara wes 
1e 
ee Mag 


fer oo ee gee A ea Re SR ae 


Pee eames = by 


Sat) 


Be 


Cas eo ex 


| meraae | 


se 


f— 3 Eros 


one 


aw 8 ES FS OES OS 


7 


‘PFROLYTIC ‘GRAPHITE 


aweesiray: at Ow 
sacesssssressgse wenee: 
Ty ra 


Q 
9 
ri 
bet 
a 

 » 
g 


Pes 


1.2 MICRONS: 


y 
0 8. oeheet. 
<se%° i feerit et 
eh C4 El bd aerged 


ri 
fererexcne scenes t: 
Heist 


Cenen suns 
omeomess re +4 
art. a4 


HH CTLOL“LD 


Seatese petisd Stine stay sbhessseserscss sae 
tf See! senas 


itodteted4 
4 HH aes 


Hat 


+H ees tesk 
iiss sas: 


titers HUE ER 


Sued veers 


fittest ts xaeae 


ndaeece ieres 
se asserisescets 

. pose yas 

tteress P14 ¢ - P ose eee see, . rideseetet 

1S ROR EA He te 4 . sgessgapersnsnes a eee saass # soe tearedtbes se creteces te 4 

abseteats tr rr restos tachescecstecesecess SESEEEEES $3 77 

bey . 

en eee: aoos Ssbetesecesses Bends cased eceone. 1 eh OO Oe He 


HT 48 2COR8. 


beer 
5 gireritit: gesesse 


saans. 
te Lt t4-4-4-3-1 24 PROCES PEERS G: ‘eye aeons we 
esstscassse~ ds tists spray ecietaene ge 
r bescepess 


oe 
pateaseeaece Seeteseat 
o een 
rer re Li Sndeeh 


SO RADRAEO SF H Saskees 
rte ree Hist eeccetneer se 34 
seenaxee it oe 


Hines 


at 2 


ra 3 


FOOSOL VY: 


-TUME. « ASD 417 NOZZLE 


Sit ata 
Pei see 


Seeks eR ARK 


eer. 
sirsetitas Reaeceuee 
cone ensaesuake ave 
sereceegecse subosenr | ss 
eaece Os OKUEH ONSET DS 


seseteesbeecege. 


Phebe 
$3244 
Lod iteestee es 


4 
$eg holed 


Ser geeersesesesstere 


THESE: 


wo 


PER ASeed 
gracegens » 


ws saned 


ae oh we ws 


P313433-553-4 


PS Oe a: 


st 334 
Hist gezenes 


3 


On 


o. ges 


= a SEROSS 
Saeteasecs 


=) ‘O ° ° 
° ° ° 
"A ot ra) s 


(eyed) AMnSSaud WAHVHO 


105 


bexess 
SERS EROS 


Lan} 


bad4 eee. 


ts3 


TIME (seconds) 


CHAMBER PRESSURE. VERSUS 


FIGURE 43. 


4" 
4ot 


' 


go -aPaem es 


te NARS REM & 


Oager 


eee Or SAME COAL PBEEMEAN S AWEOAL 


s 


Pe To 


Ste 


the 


saeeaeey 


end 


ay 
> ag 
. 


eR : 
wo, 


* 


‘i 


wy 


+ 
"Ss 


¥ 
vs 


ae 
Sete HEE: 


geese teceeee 4444 
ae Setsrenetees reese sas 
Suees 7s snes Ke: ag ages FOURED 
SHSTEE HEE res EEGs exeseenceses ie) 
en. eet apd 


af 
dav 


Kes anes: 

ones 

td ees séesrouver sas: 
Seens Sa dee os: 
 ossassnsessueee, 

. Sure sais ee iSeucenssares: 
- oyxe: Sisties tee is rye oa Lewes anseraes 
weaarencessaven 


ie: 
Ped +4 aii fueersteegfeestossb 
ppesexa: Hien = 


ee sage 
seeeesterdts seees 
* ‘Chase never 
ees, ed 


% 


| 
Va Nene 

v 

1 


WS PE Oke Soe shia; 
38 2 ge obec dates ease eee exe 
\- és ” 93 renee oh cites 3 van dtdbens PRAPST £00005 59046590 
b . 


t 


FE 
a 
se 


TOLL CCPC SE CMPD OER LEDEE DS 
958 FLSSESSCOS REDS ED SEY cacheseoan ae 
, esa tpoovans: we vesee’ see sesaerteves 
e ae. 4 pesegnasss besessucegers 
. 3 seve eae ered +4 
seceay 


SPO ag ry 
ee eat 


CE ROSER 
b we ee seaetegugess wee 
euae Keqscaenes 
eo 4135434-4 


= 


orale) 


(pyed) zunssaud WASKVHO 


106 


atv aebwe erecencese sé 


wane 


wo sesoeneonns 
is peeneeese ne 


nb Be 
eisouaceecse cs rr 
seeceorssaneseceear 
Cet 


TIME. (seconds) « 


CHAMBER PRESSURE VERSUS TIME - ASD 422 NOZZLE 


FIGURE 44. 


bee 


Poets 


«met 


ce 


oer cs 


wae 


Wee 


te 


babar 


h 


some 


paren ames wh rt 


BON CLOTH CCA+1 
700903 vB 


GAR. 


ort ee ntlnansl sn aenerenn 


.3% RESIN ‘CONTENT 


a 


&: 
Free SALINE tee erratic Hh EE eye AOR AON Fish Re OOO ORTON ic 
t 


pres 
eens erehevenseecaneeoes 
seueaseests Rsseeesscusgessns: 
seeeeeee Peoara 


ey 


oassase 
guseasewed Chosterens ene 
avns senazecees ote4 seeR’ 


Pana 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 423 NOZZLE 


SEG ESS Eo2 (22 &a 


FIGURE 45. 


#3 


Ee 8 2 


s 
2 
(=) 
oO 


(etsd) auNSssadd WIEKVHO 
107 


eA a 


. a 
ey, 
3 WR 
Sg ehovion on Reve 


cae : ¥y 
a. 3 
a 2 
2 ¢ 5 "oy 
[Be iy 
4: a 
a : i i 
Ka cé ? = 
| e 4 qm t 3 
ig aa oe 
k Beg 4 
ze i tl e : 4 
oto “t ry 
4 us) i 4 
ie & 3 is ; 
Be FT #i- a 5 
ty A io) Fs S Fi 
{ a Ft a ; 2 
S § ‘ ir 
ef et ah a ; 
de ~~, A ath = a i 
, ~ ! 
ke 3z a HH 3 : 2 
“ vt SOSEESEESSSESSetensectzes sescsssssccezee soe? : 


@ Ob Pus. whens 
re 4 


ig At PO st 


alia 


PERPRNRNGe 
Ages, 


BY 


‘ 


paseo 


Gk 


ong 


seepsccesetsosrsce: 
sodascosetensesces. 


dehws SUOSs CnGed PeeeS 


e¢ 


at 
4S 


TIME (seconds) 


LAR TY 
eee aes 


S emt 


ae 


CHAMBER PRESSURE VERSUS TIME ~ ASD 429 NOZZLE 


Dae we” Bree 
AS 


& 


one RIT. sate 


FIGURE 46. 


1 ne 


2 7 


cue 


liane rant tin 


(eted) quNSssadd WAGHVHO 


108 


ere ar 


2A 


3 


Wye bee 
Sine tn 


iz) 


SMEG Se 
der aie ea 


aQ 


:] 


2 r 


£ 


soi 


3 


pi ve 
Benne 


tet 
wey 


c 


3 


Fem mn 
* 


B es 

Z 
Ba 
eS E 
TF tol 
fm” 
nS Bd 
“8 ol 
ont 
J ORT Seder aierttstite 
saneteeate 

PSHE BAERS: 


33 
ttt 


avess 
ttt 


344 


eee +8 
L. peaees eee 

os sesweusonnsl e 
Sass 


(eqsd) FUNSSaYd WAGHVHO 


109 


F00905 U 


TIME (seconds) 


49 NOZZLE 


~ ASD 4 


GHAMBER PRESSURE VERSUS TIHE 


FIGURE 47. 


he 


, 


Heater Mae 


, 


fen hPa wan te CHa 


2, 


ARORA a Ri Ne Abectvoasn Aare 


as 


aM 


amass 


ahaa day Sucre: 


rer 


ates 


a 


aot 


> 
Moa isd 


2 


g 

5 

: - - 34 

vz 

2. a} 
_— ae 
Ae DA Axe 
> “2 

+ z 

22 

ro ace 
BOR : 
fs Pree 295 
= RR # 


AZ cee 
a nnee 


Fhe, 
— 


coal 


&, 

ad on 

be .3 fe 

es oe) $ oe, 

i E om ; be 

% Ta, ood st 

4 i 2 Se 

i Bgee 5 

ae 2 

ae 2 Bip! & 
MO = 

. fra Be 

A Oe fa 

- 6 ee 

*. i. 4: 

a S38 

: ee Rs 

€ SSak 

ca Soose 


. 


con 
2 Sunset neonsewsenscansneesirossaupansncosesneon 
Sasohecoes suecnneencoonee Bee se Na Dnt renee Wiens denen | 


s bs PETES Pe meg chee! 
sites cceccesers sere 
PT ti$i14444440-4 
SPOS PHOTE SeURe EUs HeUET OATES SERes REESE. 
ited oseee conesxcese conce poeassouas BaOet outer BeUEs Hered 
| patetvendnene-ten-d 
i a  WSROd REUSE DOOwR BANE PERRET KacesHeneL 
7” wenses 


il 


Rees a Se Saeed 


it 
i 
i 


Tee Hite 


FSCR SUEUR: PPEET SrRES be ley eneRe 
oeed paend of 186 uheEe 
Onne as adopens: 


#8 Dee, rt 
per ttttin ttt 
ee Bneue Sanne suaes peaeessensy 


TIME (seconds) 
GHAMBER PRESSURE VERSUS TIME - ASD 455 NOZZLE 


Co 
evewes SeeNn peaes 
weees taess remnn wed 
| hedeabrbod le Ancadedel 
‘oReRe 


‘eunes eweud 
++ REE RH ONES: 
eee wuace ces 


FIGURE 48. 


etc Dae ec scone nea ees Rey welt I eit tne NC fal tn ta neesp sete Sor Bete aca igrt arene ans: (erie 


(etsd) aynssaud WaNVHO 
110 


” 


= 


SIZZON 9S 


Q £06008 


“TIONSHd ONSHd TANARd-d 
T-VWOO HLOID NOWAVO FF 
QNEINOOD NISHY Ze° TY se 


4 asv 


ters € #3 


AWIL SNSUBA TUNSSAYd YAGNVHO 
(spuosas) SHIL 


67 TUNA 


Oot 


002 


O0E 


007 


(etsd) auNsssud WIANVHO 


111 


Ram eran Nema yeh TPT Ree ay oe ae fey 


a Nag Se 
Wy Yeni cers enka wennamneh mae eer adel diet enh anen ehedaltintinnne Saneeemeteattcminmy See Reese ~ “ 


fee a Se “ee ee a “ee Re hes seid : af 


SHIZZON £S7 GS¥ - BNIL SASsusa qunssaud MAGNVHD “OS AUNSIA 


| 
aa 
(spuosss) ANIL 


& 306004 


002 


OO£ 


(etsd) gunSsadd WAGNVHO 
112 


ANTIVHLAVNAXOWGAHIG L° 


{ 

{ 

| 

| 

4 

{ 

t 

| 

| 

t 

| 

| 

\ 

| 
400% 
(9€-E€SE7TH) AACAHACTVNAOT-IONAHA He 


PREOOLORE  S iiss ious “cbs sight Sa Bak Re att Tale Sa an 


Se Te Se, Ca CS as Cr et ac Tah a a ae te , . - 
‘ a ‘ . ‘ 
So 
eae See Mer La ee ce ee ee ae hs 
ue att 


HIZZON 6S GSV - ANIL SQSYSA FANSSAYd YASHVHO “IS AUNOTA 
(spuooes) SHIL 


A 606003 


(esd) awNSsayd WIANVHO 


A eer i Nee ec tt AOR, en ee em a a Ue pt af Oe Re Re any Ne ea te taiann tea ann - —mgpcerectieeane fain ¢ hm, 


ALIHAVED OLN IOWA SROUDIN S°Z 
HLIM GULVOD OTIONHHA @I-T61LI 


‘ OSS1I-9 HIOIO TLINAVaD 
ENSINOS NISTY ZI. BE HEE 


MAACO EOS 0 Co geet en wt oe? ~ exe reg ew . so . = 


Ra ag se Nee ncetlae de ese Ae ee Br ee to ee ES OE Be ts 8 as F s P x eee een nc eee acsnan peamnencantn ns bate! 
eo enene * etme are Ponnet: preety 2 eee ferenoney enone = ee - a 4 : $ 
Lica. Aue Smee: Raed: coed Sood! Mee ne a ee a ee - ] : : ‘ oy: Sort, eed: 3 


. * 


HIZZON 09” GSV - SWIL SASYHA AAASSHUd WAENVHO “7S WANOLA 


f 016004 (spuoses) SHIL 


09 9S es gy ve OY 9€ ce x4 Vi4 Oz oT et 8 id 04 


‘ oot 
602 3 
aot 
ae 
~”A 
i 
is] 
ooc & 
wn 
‘ hee" ‘h 
H 
' i 
H 00% 
H 
H 
He] : a H ; 
SLINAVED OTLATOUKA SHOUD i | 
§°Z BZIK GILVOD OVIONAHA C1-16TL9 1 
OSSID HIOIO ALIHAVYD %6" 66 Boos 


eS Sete 


| . | \ : 
. \ ; 
; ; > 
p ,o4 
j : 
, ‘ a 
; $ 
i 
ee 
= Vase 
ooee 5 Hl * 
Sepevsecuss a ' : 
o ae 
r—) ne 
E e | 
4 , Bz 
i 
f ical ; 
wd ‘ 
i+ 
. N 
iF 9 
nn 7 
9 
i gz 
i 
: { 
fef 
E QF 
wn : 
§ 5 ; 
cd Py} n 
di 3 § 
0 (2) 
ee > 
¢ § 
A 2 
a i 
=H 
4 4 
: 
Oo 


ES 


Fasg 


FIGURE 53. 


(esd) awNSsaud WAGNVHO 
115 


3B G4 5 3 ff 
500 
400 
00 
00 
100 
0 


enainatectint ne tae et ee 


coors se a bo POR Apes o ke mle ‘ 


: ian 3 ‘ > 
ek Ne mp Suet namie die mR mee nme maa Aree ee AeA aah iA eR phn tpt mete Aan ne we tees aes ro ~ - = edie - ae - ee re parents ae argent 
we Aer. “peer! “Ubeceee  Geaegs Shomer: cle” toe Ce aaa “anes. eae Geese : ; “< wee ee) eee 
\ 
‘ 


‘ HIZZON £97 GSV - ANIL SASUAA AUNSSHYd UAANVHD “7S TUAOIA 


° A Zt600a (spuosss) aNIL 


oot 


002 


116 


4 -4-3-3-4-4-10-4-4-6-4-4-43-54-5-4 
(eTsd) qunssadd waaNVHO 


, #00” 
(OOST-OCOT MN) SNUIANSHAXAIOa , 
{-V00 HLOTO NOTAVO 
INEINOD NISHY %8°6E Loos : 
a 


Y 
! 
| 
4 
OTP AR NL! SATA ATER: SER AI mi: Sem - aRRRNE ee EPTE CEtIr AIEEE RENESAS” 


ae 
1 
Fon 
mR 


x 


re) a 
£3 % 4 ei 
; +444 por ' ; 
- srescecsesecey o g y B 
ie ace. 4 is 
| 
8 | 
i 2 | ; 
¢ iy = : 
Ve) 
= 
' i*] 
& g 
s ’ 
5 j 
i 
23 | 
mu 
++ geeene 3 5 | 
H RE ro) 
‘ ) 
not 
a B | 
t SeRSERsreeSeetets ieee a i 
& Seacese tj 5 
fi 
{ 
) g | 
| | 
i 
‘; 
I A 
od 


| 
FIGURE 


cree ene aan Nem TMle mete IY mane 


(eted) aunssaud wAMHVHO 
117 


Sn a ee ee 


” 


Bek aed 


LoS RGS besses 
1 
. 


‘ 
Prtetekenay 
he 

cere 


SRT SOOT Tat EG asi ES ITC ST ORR, Se ca RNR IIR cnet riche nntirn trig In Rhe tO HirmteRnE TONGAN BN rest immeetydNpNntS ee peed + ote eaten aye hae WF i oe 


“48A) 


Spans ceaerey: 
dcocht eietatventesest ice 
ares seaxase: se erses: aot be 


B2353 


BG 
FOOSLA U 
oo 


ENYLENE 


ECARBON CLOYH ‘COA-1 REINFORCING 


oe SOCEE SOR! ees . a ee s: oe Foase te8: ars Sonne 
iB oe ae 2 atte 2 x seotes $3 Ht 3 
o ats brie cet siirest $sosse tH ® S33 segee ark $3 4 : : 
sethes oes pesdiasit aus: « ; rH genres +H ty 
Pa Sears eeses reese esses scestesces z < : 
B ie) a icsedtestiogene 83 : Pe 
8 ; ¢ ‘ 
F-) 4 rd i 
ot 
5 Fe 4 i 
ana ae 
fA} «G a j ' F 
ges3 potssiades tase ; Ba ‘ 
HEE 
iH i 
gebseesttasts 2 8 
Pah na ai o 9 a 
: PEELE felicnasd a = ‘¢ 
@ we 
_ 
28 
t w ' 
f g | 
Gs | 
3 i 
i 
a a 
% | 
B i 
Fo Gee 
=] ne 
i ‘ 

, } 
ae 
see 

i 
| } 
és 


(esd) aunssaud WaaNVHO 


] 
118 i 


See gilt Es. Se BS a eR AO RR Rate cat ee Te Pinte em ee Re te ee ee eR re 2 
a * a 
35% 
4 é 
pat =) 
were t 
i ae a 
Ee. fee 3 | 
3 i. 
e Bi ~~ 
o wg 
o : 
si ae 
ig sy | 
bard % 
4 8 i 
‘ x - ro} j 
a = = a 
¥  & S 2 : 
st es 
= a 
a 
% 
e 
. | 
mom 
i?) 
og , 
a 8 8 
i g & 
o 
és fe 9] ws 
N ty 
Ht AB 
s 
gs 2 Fy 
4 
wa 
i] g z 
N 
oO 
Hy © 
x) f 
i] es 
. a & 
x 
‘ be 
fu 
i] [o) 
fl + 
pig 
= 5 
g E 3 = 
wy + tsa) ot 
(eysd) aunssadd WigHVHO 
u 119 


BRA wumed benches dvr 


PN ate oe 


nee 


! & Pa 
3 8 A 
fc fF 
: ABS & 
2g & ; 
ees t 
2 ort fl} 
pe Fal 
BeSEE | 
] SoBe 
q et Oy et NN 
4 bd <a ° 
AHODY a 
| eis . 
f * oa ga Bs nd : 
pO to + 
7 joo @ ee) 
| NGHSE a 
GR@RAE 4 
| rl : 
ate 3 F 
Lata 2 2 
i HH o n 
t g & 
} Ro : 
: fa 
2 @ 
E+ ” 
a 
Ra 
; : 
| oO 
Pe) 
: w 
: 
fe 
(vysd) auNssaud WAGHVHOD , 
120 


= sees we me 


See wr 


een enna 


Anbeyibe Shits Abed et Heh aspera d® SOD Ad ey 


Pa Aeneid dy GANS rit, 


wow 


on ay 


cs 


sy 


ao 


* 
‘ 
‘ 


RR EO SIE EN EE Ee ge Seton te ag RE remit Nge aen 


So wba ed sroclnare BER eR, 


“OTS 5 


i Fs 
7 & a. 
| , g£ 3 3 
ot Doe | 
poo ee : 
s fod nn 
} gE gE : 
roe EA = a 2 
ou Boa a4 4 
; lo 
Anges 
1 & fy By fa Sa 
| € ey fon] Ls 
q o Et ty 
5 = é 3a ed 
e ° N i K 
iad aia zoe s jl 
7, & Peston erates z ' 
+ (i a 4 
t ed : 
t Bad 
Hg 4 : 
c rer 
ane a 
i a ‘e A 
2p ror) 3 27) 
me S33 
v s . a ; 
ae | 
wo a 
™N 
i "3 fx) a 
@ | 
i is ~ ww 
2 é 
i of 
i 2 | 
N 
fi oO 
Ko 
Coad 
/ o 
ie “| Fe 
i a 
| = 
if = 
4 
as 
i 
i 
o ° ° v) ° ° 
i i ra B 3 & S 
(esd) qUNSSAYd WAEHVHO 
¥ iM 121 


with, 


ry 


A. GRA ae 2 tae tad Ore ard CME tock ts 


ue gol 
ASAT LS 


FUNSLE VU 


Fs ESTED 


= 


oy 
se 


* 
s 


Mee 
= 


“ Sprays 


40.2% RESIN CONTENT 


CARBON CLOTH CCA+1 


PR SPONDS BS RwE B: 
‘sant 2eonn snes 


i 


FA 


- ASD 489 NOZZLE 


Z x eae Yee aye we’ 


lf 


Y av 
rT 
rd 

a 
se 


a 


SAT RROS8 ESOT CHNSARHHAE Fae a 
Vows PEREs RROCNE Sans ecEAE 
| ennabel 


i 


CHAMBER PRESSURE VERSUS TIME 


3 


re | 
aeertouvnnaspese 
as aw a we 


pe eayioonacenya jae 
yp es 


susassenee 
. < Patepmed nenereuaqeas 
. POC TS SHORE BASES SHERE on FEEet Steere Fetee r+ 


TIME (seconds) 


# 


batts 


cave; 


NaS pri 


HE 
4 


FIGURE 60. 


wn) 
oe 


4 
b (etsd) gunssaua WIaHVHO 
i 122 


psec 


a 
aes 


WITH P-PHENYLPHENOL PHENOL- 


FORMALDEHYDE 


3 
Zi 
ad 
a 
fz] 
4 
y 
oO 
vt 


: 
5 
B 
Zi 
3 
s 


w 
FE 
“ 
N 


4 
¥ 
if 


~— 


Pras 
= 


sem, 
panbeik 


r= 


6 

om 
geagecuess. see 
sugestateg¢ven 
ane ae 8 


(etsd) aunssa¥d WENVHO 


123 


ae GS Gey Gee 25 


SLE TELOONSEINE EE COTS A REO INORG et ICRA NR SRI a nn A a Ra AR agen a te 


FO0919 U 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 490 NOZZLE 


FIGURE 61. 


a Satine sciad: aes arsinh eames 


I ene ORES An ren nent ee La penn He ney ae enti a 


en 


“Art ine ae 
BO lint, TR ae rg ote: 2 
‘anal ta? a eae a et 


NEES Bike? 


* 


“ 


Res 


- a 


pentane pis 


an el ia a SHOR Ces een ce wp 
a§ furs Bae 
& 8 i Barat Fated ies 
Pe ef mri range Bs Of? 
a ta} st 
saa 45 
e e a a i 
me a a a aa 3: 
$¢28 8 82 
mm ” Nn N my 
a a r*) es) a 
« a Cl 2 s 
pooad 


Z aie 4 
eyo taba ene 
pti aes 


4 brett itisis} 
: Baht : ecm ete 
alae etapa rata tents prota 


aR cr i Geass 


ttt 


ig 


# Fete 0) 
z feet 
Betas 
arias igen 
a a 5} a ES es 
Pits E 
: Se einene fet Ber 
Pepeerhat ts id i fea f 
ae Sue a 
ee He 
ES 
Eee 


Aen 


ny 


HaHa ie 


(qNoxaS/STIN) 2LVE NOISOYA GaLVINITVO 


124 


tu ZLE NUMBER 


F00920 U 


FIGURE 62A. EROSION RATE VERSUS NOZZLE NUMBER ABLATIVE NOZZLE 


CHARACTERIZATION - TEST SERIES 2 


en 


dwn nee ee RRR ON oe ne A Sen Re ae RRA RH tare CEN mR NET pee ATEN eet mh ee 


U 


Po SE ee 


era 9 nt a AOR CI LO LAA a PR NAR Rai pecans me 


tan ain 


Rae ry WN 


v 


ee FD 


Son 3 
* Sy 
« 3 wee a 
a pRB ae So ee 7 se é 
a = ai Seite 2 i 
rw ~. mate es ele Sesh Se es oe SE ApoE Wg crt at eral a Ales bees nel 
M8 SS we ebay Semele trartenmsenterincrn m ~ 


oy 


+ 
¥€ 
= 
“ 


6 aE aa ete 


PAA 


[ 
© > 
_ 
: , 32 
j 2 
be 
| ee 
Hares A tS aaa Heald zn Bee shige Be fg 
ne ce aul aaa : 
ah ir 
oe i Ee 
et aes : . 
a . 
2 ‘ 
D | | 
t Pa 4 
3 ; ; 
EBA: : ‘ 
= 3k 
#8 bos 
: S34 3 448 : 
na 6 a ay 
ae esd fm Be . 
22 8 335 
9 oO ot 
wn wu a be $ = 
| " % a ns 
' bo oOo 
es Eee 
elite | 
rf 


«BE ces 

jd 

ne eerie: ite 
ee ene 


« 


oe SaRnLRE 
Ae Sen 
$s pea o i if ty 


EROSION RATE VERSUS NOZZLE NUMBER ABLATIVE NOZZLE 


CHARACTERISTICS - TEST SERIES 1 


FIGURE 62A-1 


au 
tf 
| pire 


at a. a 


(QNOOS/STIH) ALVA NOLSONA AsLYINITYS 


125 ~ 


ae 


ae er Prasaure 


ae 


@ at 300 psis 


} at 250 peta 
Q, at 150 pata or Final 


J at 350 posta 


I Logends for Erosion Rates @ 


cathy S3ptsi ha agds Fe: 
see eure 
0} 
Aci aoe] ame (ea ee A 


st a iar SR NS 
createed eye ee Be 
eratehts foe ele tres aaa Roe estat eoeet aeelan 
ee ate z 
Pes giit ie ane Ean er | Fe Hee eaa Hapa py prithy ; gehts 
Be. Sareea eer 
ee aa a gare rea ee 
Be RIM ITT dial wo pederes ap 


3 Et ez g 
Su LEr fait ca 
ee ce 
ee ee 
stletiss iG atic: E 
iio is 

teeta sy sea oe # 
Se gee eee eee 
oe SE ag a TS 


Ey 


sont 


Bevo ua: oudieaue 


(@i004S/STIN) ZZVE NOISOUA AALVINTiVS 


126 


¥00922° 0 


NOZZLE NUMBER 


EROSION RATE VERSUS NOZZLE NUMBER ABLATIVE NOZZLE 


CHARACTERIZATION - TEST SERIES 2 


FIGURE 628. 


é 


Ge aoe 


er 


« f 


te nee 


- Hi 
5 
' 
: 
i) 
n 
co ‘ 
ioe} 
ive] | 
: rd Hl 
Pe} 
% Ba | 
>) 8 ‘ 
: g ra 
© : i ‘ 
o O° 
S s 
. wn 
e 
cy : 
; 2 
: S | 
4 a4 ; 
< 
! N 
3 . re te py 1 
: 4 z i 
3 | 
‘ ni 
"4 : 
} eat 
’ ‘ { 
i = | 
' t eI t 
$ & } 
| ; 
» a " 4 
j : ‘ 
i n ! f 
oi a i | 
a4 eI | | 
Kea B 
eI 
i ES 
.¢ ; 
. i { 
a g 5 z : 
be. aos ae 3 
a... 2 ‘a 
i a io . 
‘ % my q we 1 
& N N 
. “s ‘BQ = 
es oy 
nes RE sg ed 8 Sh Samui i.e ina Ri a RR i Rt Ts SABRE ER ETE, 


2 te oe alts rhe 


e, _ y 


ee qin Ue? ee ate Pan Hee iy etm 


pA ee 


weave 


et ee 


ge 


és 


05> on 


C 


we pee ee ee en 


FE, EP, SRK COR Cr LLORAS, artencee S  e 


ca 
tenn matt 
Fern anal 
< 


EE ete tne ene natn nen sete Inne meaty 


‘12 O'CLOCK. 


“ 1 ee! 
Oe ay oe 
‘ 
« 
< 
n $ 8S 
x 


Ss 


ie 


we 


MANC-~3 


‘ 
* 


TS 


imam a 


ee 
i 

a 
3 


NOZZLE NO: 


oe 


eee 


BM} TO OW 
VS ara Ed ay, oe © t Re a 


nan ante ARE i ot 


Seed 


+o stmt crmpataine tinier mice + 


2 gare 


on Hee 


HOZZLE NO. MANC-4 


12: O'CLOCK 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


FIGURE 64. 


128 


ae ne etn ee 


i 


wt 


¥ - > a ¢ 
« 4 j 
an 
bt ae 
me TS 7 oe 
: ~~. oe 
Pee i 
a ae : ’ E. 

4 me LO MAY tte - 

POG Ata AT RS Sx ancien aly ini sy = ee woe a m ge ~ wae 


SD saglan 
: 
, 


ca es 


NOZZLE 0. ASD: 04 


| 
% 
i 


ig 12 O'CLOCK 4 
4s* g 
ay fi a 
| I “ 
gH } B 
ivy ‘ B 
es t 4 
i g 4 
oS 

e 4 

z° : 
a) 3 
ao tau 
& t 


2 EE 


Ps : ; 

2 Ba ; é 
bad | 4 

i _ 4 

i i . | ; 

ant 12 O'CLOCK q 

£ i { 
[ 


R13887 U 


FIGURE 65. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
129 


m3 ES 


Attn ote 


a a een ae ne a 


ge 
ra Re 


sare 


ak 


open oe ty oe ce 8 
ES OR i re 


N eS 


NOZZLE NO. -ASD-398- 


ae RY 


& 


12 O'CLOCK 


roe 


Ey 


Dena 


ene pest * 


ae 


Bee 


Sia Gp 8 


L200?" 
yee Rann? seg Sut. WOE tele 


ae ee ae 


Svdaatnctacont 


sa iesne NO. ASD-400 


Br Smee eseenes om Sarna | oP me Soars Bae es ee ee ee 


nonstate feats 


a ane enn ct kM A 


‘ea AT 


12 0 [ 


ZLE PHOTOGRAPHS 


« 


130 


PROFILE AND AXIAL NOZ 


il 
FIGURE 66. 


RS cee 


ee ee ee ee ee Bod 2G Bie mrad + - 


wtoee 


EI WB fame ot A A 
yee eh es hae ee as ean os a ak 2 


sae 
oe 


FIGURE 67. 


PROFILE AND AXIAL NOZZLE 


131 


12 O'CLOCK 


12 O'CLOCK 


PHOTOGRAPHS 


R13885U 


a 
m 
Tae to Sag ee eee deaths 
a OND RR et nent ee . a 
re ey - a we ee te nee aw “ ~ 
} 
. 4 
* 
} 
i 
ie 
Fi ve Z 
5 Bs 
ie ae, 


Ta. aoe, 


NOZZLE NO, ASD-418 at 


i 
i 12 O'CLOCK 
q f , 
4 Ao fF 
Uy 
ae 
ot 
; me 
4 is: 
; a 
i 

{ 

i 


& “2 
~ * 


NOZ2LE NO. 7 case eaaee gs 


et ten 


uP bel 


tee 


t ? 
Sentral 


12 O'CLOCK 


2 
ee 


Cnc 


t 


< 


. 


FIGURE 68. PROF{LE AND AXIAL NOZZLE PHOTOGRAPHS 


132 


rs LEI” STERILE IE ATE VETTE MaeTe YE PRANTL AD nc aOR RN oir Mela te ae ome - of 2.4 jedi” eahieg. ~» is oy, wa 


Demet Smee otate oat Rp, Le mtn an pe one 


NOZZLE NO, ASD*421 


12 O'CLOCK 


ee ee i ee 


SeREA 
poh. 


3 Sy 


Bocce 
Sesiomk vied. a - 


ba 


Eid a 


w 
~F ne ng od 


ie | 
a oS 


NOZZLE NOQ,. ASD~428 


eca ES Eo ft 


Sa a a ae acer es en 


MP ee Pe AS empresa sree Boome nt Bee Foote 


R13883U 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
133 


FIGURE 69. 


a ee ee ee ee ae 


came aca nanan pasion aaesentane mie wiaernnaienseaetiee eienemateael 


a 


eeemecaliin 


st nd 


oe Oe ae es eae 


12 O'CLOCK 


> 


a 


| (Be ABR wre wa ae ; ae , 


mets 


1g 
mae the 


Hw 
Fr <4 
for 


IZ NO, ASD-436 


NOzz 


cane ane neo he ‘ 
wv t ” “ . Pare 


x 


12 1 


NOZZLE NO. ASD-433 


coe 


6 


tog 


oe 


Bist recline 


R13862U 


“ 


ee 


me 


wor ee yt SED Lee wees 


priidinn 


TNT SN eee enon enaitne sateen tart ttre ten ata tes a rela mare, i cunaeeahetetan cacao ie zi 
Formers aide at aates Se rena iene cere anaes 


2 , 3 . 
Seen tltangty at Bnwsahips sro intpenerto yu ienvenemmobe cn ety bins 


te Pepeectpe ee 9.5 ans 
oe. on F oe M 


5 


— an 


PROFILE AND AXTAL NOZZLE PHOTOGRAPHS 
134 


FIGURE 70. 


| 
| 
| 


Pe RNS Mb eS TB eat SM fe a es 


nen ee ee a ee ee 


ee 


en 


oS Re oe 


ey. @e 6. fe tS 


NO. ASD+432 


NOZZLE 
as 


Cog 


Le ame cn EB ETM OR Wh Tee oF, 


‘ % % 2 . 4 yi ; t % 
SD lea | he me 


Sa 


aoe 


eet 


433 


ASD- 
TE Peery 


NOZZLE NO 


o. 


iy 


arm te 
z + 


= 


Sod  & 


Ag pee = 


an?d 


| 


DP So Be, 


{3 


ay + mye ee 
pina ee us Vamnepenging 5AP 


3 (2 


3 
at 


t 


te 


* 


as 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
135 


FIGURE 71. 


3 Gey 


27 EE ai aen cacti pinnae fem tre ae teed 


eS ee ke te 


hewnyey, gen segs ™ 
PY Bo arr tataaersirene 
a 


aap tee 


) 
NOZZLE NO; ASD-434 3 
PREIS E Camm i 
: RERIP Loe <_< 


42: OF CLOCK 


ret yaa E” 
whe 


a 
ae 


as 
Y 


ia? 


e 


4s , 
Po. 
y a 

eee 


EE 
BER Mme aE, 
on 


ici 


zt 
a 


Bee 


ak meee 


ste TF, ey 


mee: 


ey we) 
027 
oes: 


Se, NRE, 

anne 

i 

o 

N 

E 

ct os 

Oo 

> 

2) 

o 

t 

> 

(es) 

wn 
i 
te) a7 


ated 


12 O'CLOCK 


IRAE ES I EARS & R13880U 


FIGURE 72. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
136 


Vass 


y ae 


BER GARI ae Rae a - mus. Yara maraimypiiym agcunpeeintingennrtemmenstN gh Kann iis Wait diem 5 ee 


g 


£1. 92 


Seer ee ge 4 
we tte NIE EE RON fg Sn Se Re EEE EEA IO It TRON GENTE ARGO ES EN ATT Lo Et Se & fe 3 we RRS 


R13879U 


OGRAFHS 


NOZZLE PHOT 


137 


PROFILE AND AXIAL 


~439 
FIGURE 73. 


. ASD-437 
ASD 


° 
e ° 
2 2 : 
% a3 Ro 
: ‘Ss ro) 
o 

: = z 


lo ma ge Gz en oo Ge oe et Ge 6 ko Se ee ee oe ee | 


Sere ne rrcageeeme neaeceeeenmremesemen, = mcm ets 


Sefer re me Pa oe “> 5 eee wt » 2 « 5 a6, is = : 
or eh a Sit A ARE Ag ENN te a hoe oI ramp sonibvartiona is Rng. ate dpe + e TER Es hh te C8 whe al ee ema ge ag x0 ers aeual sot) Sa - ote oar ne Satan ia NEI ahi a et 
So 


ner fos PN ee ee aE TE Re IE Oa BD oe Use ee oe elie eee i ane ae oe a a Mayes i thet 
sini 5 wee: . cee Ps sane se aes, ‘ -- gee ea 


Bus 


a 
1. 
8 ee wae ae ce es tare ee ES 
poem evetty yee, poner nity oon epee ae a sens o 
¢ ’ ee ney pean oe wee te Arwen wees ote aes —— eer ~ “ 
Sct ct ae eee i bw ek ie a . a } { " . 4 5 ‘ 2 : ~ - ~~» : Ay 
2 ' 4 


R13878U 


“ 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
138 


FIGURE 74. 


ASD-441 


ot be PASO ad pp enn imeem tee pep metianes snap = Stith wene eae 


NOZZLE NO. ASD-440 


NOZZLE HO, 


i 
: 


PE EM Te BE YOY ee BE Se OG Sa, “e sie t re 7 eA oc Sei penned woe: pone as aah A ae 
Beet Reig, Bn atinseciiadin 9 2 bike “Gee bat We Seow 4 Los Se las Stl ae TERR. GL le EUS AL x BORG ug to oe aaa a eevee a pean i 
ie ag, NE AR OT oe ee, Rg Se ED nett te “ we 
Se Kae cin aie te od eer cette iene nBanere whens Spcee gs wa, ae 


- ¢ 


R138770 


12 O'CLOCK 
12 O'CLOCK 


139 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


\ 


7 
Yaw 


FIGURE 75. 


Lataears 
» ASD-443 


Para 


3 
NOZZLE NO 


‘NOZZLE NO, ASD-442 


ASK FER Remy mm ae el pen a ag 


= S62 we Ga GS ge ne oo wo OOS eee So 


eT Rae Ge ha male we meh RE Becta ‘eel Te 9 GO cre a SH LP Gow So abeyance te Bae BR 6 50 frm ac EGR a pete a, EEE ge LE ELODIE I I 
Ss ARR oa ‘ ~ 


ache. 1 etait 7 ae a ee ee ees ee ype et a a nee bee 2 ieelseliil bettas 


aR RR Re cee 


Re eet, ee ee see ee ee, re ee ge See ce ae ae WE IG i re 


tae een | 


oa 


R13876U 


12 O'CLOCK 
12 O'CLOCK 


HOTOGRAPHS 


PROFILE AND AXIAL NOZZLE P. 
140 


FIGURE 76. 


« ASD-446. 


NOZZLE NO: ASD-444 


NOZZLE NO 


aes ek 
theta ORE pee SAO ici oN bei ce ag pape eR ER tL ENE a a aS ER ores Wee peg AA Wanner ae cig ae 


moe 


a oe ae Sara, ts Be eee ae ety toe te A tem need etmenmtntan apt pet 
~ ere n = pg Ne NR oat oA Not ee Pont means omeaneasenenys wate he aaa aoe imaaeil 


al SS LE Bane oe son at Pate? ee ea Be Rte Be tg ee RO A hee th Latta Ries let aD nthe rete ti ee BR ce cot? 


Rome tagte os Sey Le oe wo ‘ 
CAE See SBS, wn opted An Bibde ve eres & Boe Brea BS 


~ 


oon taal, ed Boh 
oe AIRE ett eo een 


. NOZZLE NO. ASD-448 
6 EEL Lh eesti 
: ee ee a P 12 6'GLOCK 
ae | | 
ey 
»E 
| ¥ | 
Po] | 
yal 


cS 
l 


12 O'CLOCK 


R13875U 


FIGURE 77. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


141 


RGAE ELE ITER ER YEOMRE SGT Pyige -P AT Ata gyn asam ie 1 ran Sutin Unie tna geet bell eh Tia nt pees Mm feP at tn ho ER AQT Sa REL Bi HOE MAM + 
Ca a ee eS Se ee ee) 


OAR AAPL hn cathe Rtn em ny te nen ar ef a eematn m eters 


2 O'CLOCK 
F00923 U 


12 O'CLOCK 
1 


ene RE remnant een maT ee Totem 


142 


PROFILE AND AXTAL NOZZLE PHOTOGRAPHS 


-20 INCH 


FIGURE 78, 


ASD-358 


NOZZLE NO. 


oer: ne 
ey gly pT ch negli! Me npeittR Commg REE. Tit Men itn mpntertee Rb te  ae SE NR e AN er EE MR a ETE a 


Ww 
ww 
ise 3 
it 
& 
CA-m 
< 
‘a 
3. 
% 
8 
oO 
EA 


Daal i 


see 


we ae eaten gy emtentnemennani tama nn Peta eat ECE CHEN 
ee ee ee Re a ee eee ee ae 


ALE oo tees 


iy a Sard Salis, te ae Poe 
po White ed Ak eS oe Yew Blaine. wR iP unndaed narod 
peercana: Pitts 8 2! 


2 ete snabitp.  - en el 


CO YPAS IBS Sad AE ge a Le ba ote A RT Rt ee 8 Anyone ler et OR hme EM cael met te GANESH ely Tenge FSET ES OT 
he bog. Giyhetne uN RAL ne Bea Y Pah Rtas r 
4 aa Came BYE tad a - ‘ Fr eee ae ae a ee Le 8 
: 4 Z yer eee ee eit 2 te et es 2 aes pera ae ~ 
a a ee 7 Saxe k _ ict te Sebi ths sbe2d 


al 


4 


BAe Ro, Bit Ae ma mane eae oie meres Ne oN 


Te, 


12 0! i 


NOZZLE NO. ASD-360 


fa lS oS 


{rood 


o 


cad 


F00924 U 


“e 
cH 


GRID SC 


Go fap £9 Cop ea fol 


20 IX 


"gd eS TUE pel eee ics ORR EE NR 
LA tat tits be ae lip atapyt te af ase tttin 


3 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


FIGURE 79. 


143 


a) 


ne 


latent 


se exe ewig th 


a % peclicmereenmnt Peer me RT hers! WEA nae atin et TAR RR Ne See lip i Re A NN FO RNY oy et et ee 7 

oa oS 
By, Ped i 
$25 oe 

= we. Fe 
res 2 t 4 : 

aca 3 


8. 


3 eS. ae 
i i 
e. NOZZLE NO, ASD-368 l 
» be 12 O'CLOCK sabe, 
ce if 
Be i 
ee i] | 
bey : 
a i 
¥ 
; > “| 


co 
> 
a 


NS es 
. fLeePeT TOC ce mee 


NOZZLE NO. ASD-417 
12 O'CLOCK 1 ; 


Rpamaares sane ihe Ve HE 


oom ae 


seme eunertetaes tenaihaaa tena aeecemedaenese aemranaramamaatee ude tanto nat cor ara ie ota 


SN Boel MORE BIR Dov eos = eae wena wa Ed ied 


BE CLEC CEE@OR soooas | 
oa : 


FIGURE 80. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
144 ‘ 
Z 


Pe aie te 


=) 
a Fx rs] a 
8 a 2 
‘ ‘3 ° 
bg roy 
ed ; oO a 
‘ t N ed 
a: 
t 
} 
{ 
i 


=e 
5 


4 


GRID SCALE 
-20 INCH 
1 


ASD-423 
FIGURE 81. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


ASD-422 


NT nett & 


, 


Rr ee 


ie NO 


Jie a a Beem emg 


i 
; i 
‘ 


NOZZLE 


ae 


a a a a elesisisitcm eine 


ete An EN, tt oh te as is ents | od 
£ et hE OO eee 2 afte @ ge Ry i sal ane es ere Fu ae be ea ROR ee at fo we te che . woe ay ae we 


WEY GLUT Soh, Lae eae ¢ AFRO OR AES EI IG IE POPE ERT ALY OE IES BET a EME TT cs a i a ca o 
a ag ee ies ” ans Segoe : ee ees oR Ba Ear: 4 ne ee : ge ty, rary = oe & 30 an} nee anes 0”? pw ote Ts waa 2 an Oy, y ¥ bates ee = set Gh 
‘ eh : car an ers oe ‘ ‘ “2 Lo awnrn Poe on N Die coated begat mae 3 a 
ingodebinneda Bicinisiates Se eee : se ea sue co whiae Wlmitr nag? Sot Chee ADIN TOO Dain Ly, Yeritvene oe 2 we See ae BONS 
4 
i So ose vi lke Rahal re ae aon ees Key a ae 3 os 7 
: x of Pg catch “ ae “ Hee y sad a I if p i t ee ” j “ y ; 4 a s ' a meansch | cies | 
: fe) 
a 
; MM a oO 
3 8 iS 
’ wt fa 
5 8 
o ra i 
~ 
m4 N <q 
J imal 
(>) 
ao} 
' Ay 
N 
°o 
: = 
re | 4 
: - 
| A = | 
| a <i 
OS = 
a nx H 
Le | 
HO mm 
' oa pa 
q ‘ 
} : 4 
e 
: N ‘ 
: g 
eS | 
© 4 
ey i 
3 | 
sete a 
: Rs 
a 
“ | 
é ' 
2 
ma i 
% 
i a 
2 NS f 
5 
. a 
a i | 
\ 
SE Rega ae sag oS are hee _ “ : 8" ee, Dt hac oy, ees Hy lh Bo Tg I TTR RETR eaten RA way aM 


aus rs 


12 O'CLOCK 


NOZZLE NO. ASD-455 


% fk? Spee Be neelty: te eee ed ae 


at OR 


12 O'CLOCK 


20d ie sm era 


> 


fad 
BF 


my 


‘an 
oot 


ASD-456 


¥ 


NOZZLE NOQ 


tat bbe Ee 


mite 
Bee! deci eRe te Gg See: VE SF 


a, 


ko] 
o 
N 
an 
oS 
Oo 
fa 


mio 


147 


20 INCH 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


FIGURE 83. 


Ey Fay A TS BE rnc 


e 


l 
1 
} 
{ 
f 
LT 
t 
j 
3 
| 
‘ 
: 


“+ 4} tsps 


“ 
te Es a & Rep ty 


457 


NOZZLE NO. ASD- 


ae 


we 


cil it eat ene HB) 


= gah Reo c 
o Be : ae . . 
wee Bek AE Re Fas. pan 


PB 


ASD-459 


NOZZLE NO 


K 


12 O'CLOC 


Zany 


WES 


n 
i 


+} a 


Pos 


53 


F00929 U 


GRID SCALE 
20 INCH 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


FIGURE 84. 


8 


14 


ae a eae EGE SRA DOOR LE ei eT ETO EAI pe 


ee 


30 U 


12 O'CLOCK 
F009 


9 


4 


-20 INCH 
1 


GRID SCALE}  ja— 


fa 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


nin 
FIGURE 85. 


NOZZLE NO. ASD-463 


S ene Tee 


Ngee Ee Bs ASD-460 


fo§ 62 £2 ES i $9 fa oo Ge oo eo eo ce 


ata da cee 


Pon : + nhs ib Tie Bey. oe BAS sae. . Pee A : Basi&, wi sie Pisa’ yaaa SS ee wij ing 
PRR OS os ae ore Pare ah a SS. a* s Spa REE SiS d ttn ge FP Bee. ka Fo WS Seer aw heme me a ee EL LD awe Me a OU a Me A ee REA RNORI IRN ar a Limit 
4 xX Re * F ss habher std a penalseanepet # frauen RAL sas gu shyt! 

eer items asf 


hed vee 3 oy, yet 
i cel a GaP RGde ot” 


he Rem SREY 


iB Re 


Ue EIS, Geteonter ties trrtode vague 
O° Neer. Gate Ses Tage Wedel. oe ag. Sem ys: SMa See eR See = re ee Sg EE re 
: i 
’ =) 
= 
| = s 
S = 
3 Fes 
AN mam 
+ ont 
o 
Ee 
‘ Pu 
: N 
2 
“at Kargh bea ad SBE Se i > 
a Besa 5) i eal a Bae ion ses cI AEN) 
she 7. eS Geng ; ae m oR iz ay 
. a | | Tae V4 
! he 
: | 
i 
| BM ed 5 
: <2 oO < ey 
; " NG ae 
t y wR KR 
; Ks a bse 
| Soa 
aN oS 
i a] se) 
i 
) a | 
i P| = 
‘ At ei 
! Se ! 
x 
we | 
t 2 
<t 
- 
2 be | 
4 e preering 
; S = 
& y < 
b Ww 
: S we 
4 =) : 
Zi ie 
i 
s 
Ee | (Sa Ra re Bs Bote ees Bees Noe ee ee speaibes % a 


: NOZZLE NO. ASD- 471 < 


re. 


a 


12 O'CLOCK 


aes 
<a Hans st Bi 


Ce 


edt to 
er esaeeity 


i 


Seen ag er aie 


fe Aca 


hte 


fe 


09 


Pose. Se rae 12 O'CLOCK 
LS ae 2 seine esti | 


ate 


uct 


atid 


r=3 


3 


i 


ok 
4% 


F00932 U 


GRID SCALE —>| jo— 
-20 INCH 


t 


3 


ge 


FIGURE 87. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
151 


7 


£ 


tae oS be eres aes 


we en ee 


PET Ala ate ERE Mth A A Apri nen me Ne ney re eee 


Cae % 


DRO eh 


“pS 


< 
hob 


NOZZLE NO, ASD-482 


12 O'CLOCK 


By 


5] 


s $s 2 we 


re 


Sis 


« 


a 


es 


Pann 


Sa 
Me 


Ae 


7 } 
@ 
wnt © 


emery 
ee | 


os 


~~ 0 


N 
sa 
we. 


Boo 


A teas a 


ory 


weeny 


»: . 
a Pee 


at 


wee 


‘2 


ar? . 


ae. 


x oe 


Wt 
2 


483 


NOZZLE NO. ASD- 


12 O'CLOCK 


*. 


io 
— 


ene 


F00933 U 


3 


GRID SCALE—»>{  [-- 


4 


termes mane gare Ne mtg FR eR Re St ee ea mpeg 


ete BGs. Oe 


-20 INCH 


NOZZLE PHOTOGRAPHS 


PROFILE AND AXIAL 


FIGURE 88. 


es 


152 


Pull 


a 


of 


ae nsenl betaine a 


eee se ape a aor semen ta oe 


4 
aaa aciael 


, 
4 
t 


* at tk OR thee re + ee fee a ee 


f | 
i 


oe 
ba 


Se ee: 
ene 


sty 


we 


ars 


Lane 


: NOZZLE NQ. ASD-489 


. 


+ ght 
An 


* a, ae 
= e 


» 


cS 

4 Fé 

% 

3 fe 

3° 

x 

co Om 

| ey ‘ 
bf 

te 


BPE tee BS 


Bere +, 


eon 
ry 


(oh algae 


“oe BN 


2s 


23 


= ees 


see 


END a hes 265 


eso 
sens | 


£m 
2 < 
‘ 
a8 
| 4 
4 


Of AR atin 


5 SE cng a ance a 


pas 


ica ae Tages 


ta iaadlins 8 


pat 
—— 


aoe 


Cm 


eaeaeesoeenenemeantamanet ne immemnnesinmmieciaamnamitnann tia dase Tettaiteacenen oetiennii neat ieee 


WOELTTL EE 


FIGURE 89. 


12 O'CLOCK 


Ramee 


: sees 12 O'CLOCK 
= ee ae, 


F00934 U 


GRID ‘SCALE | < 


-20 INCH 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
153 


regsebe 
00 629: 
roe soye 


* Beri iatay 


ris? 
rep ee: 


3 4 
. . Be 
: edrstesscacractesstiegegedtecests 
2 § 3 Ft Bt teh a inh 3s st 
; egbeaisleecaneaeg testes ines 
TESTS a Sivtsahee, 
Raunt ss Hit. 
eaeecert 
4 Pp soe. 


ee 
é 


yy 
< 


ones +e 


Pr steeetit 
Sih) 


3 


fo sw oh83/3 4 . 
$LOWRATE ERSST aera 


easete. 


Fee 


™ 


“ sea ee. 

% esboshstactes> 
e Asaw: seu tsasepease 
a a fests 


$ 
4 
i 
338: 
B tise 


weee on 


SsuUnky 


ra ve 
4 Cs 
t he. one 
2 i im ssatessaeegs 
s 217 RET se SHEE 
rack 


GE rt tl yiemnatnine uae 
egEsSSUETAESSERRCUU ETERS EDL Witt sasceteseadssot aga setss liste 

41% é $ hd i oF aie ot 3 

cee 

depletes bee a a 


2. BEOWURATE, petty tH Hy Ete, At Es 
- Sear Huerta See 


ay Siew 
i CP J 
heey 


é . F00935 U 


3 FIGURE 90. TEST-TO-TEST PROPELLANT FLOWRATE VARIATION FROM NOMINAL CONDITION 


154 


FCA SONA Ne UNS Ee Mgmt Ny st 7 ie fe re 


tel GMs 4 r s nc Tak ante ay 
SLE take Ooty 8 OEE 


Aes Lead begga saipe te sax fact 12a esie le” 


z | 
‘ 
4g Es : 
( oe 
‘ f ml > i 
A S 
| 
a 
i ata a , 
| Ht qF HA 
a al | 
Hee eB fein : 
; i fet eens cee | 
Parana ee a | 
: H Faall Batttigeh Bi isetty 


Bits 


nae ae sctiii tt 
aE a 


32331 
a 
HE 

155 


Hee 


ea 
: a it oe 
an . aL HT 


oo west ee 


bees 


a 


et} 
HEHE 


. 
Sere HE 


$3 
ry 


HTH 
iH 


i: 
3 
3 


at 
TEST-TO-TEST PROPELLANT FLOWRATE VARIATION FROM NOMINAL CONDITION 


NaSOUCAH 


“ BS Be ES fe RS FS FS BE FG RY 3 §.9 og FO fo tm ea to) 


FIGURE 91, 
le pi isi Caer Ne thmana thet i UNA font AON SE at! A merase Se cement ape ect 


perenne ap ns ” pre cee Le Mee 7 
PLT anata Ay co € 


ter AAEM e gibt | eat TN rae hee renee erect NAN MeL dee ney lane 


SAS aly eae m 3 1 
4LIS LSai OYOL Ta DINOULNNOYAVY °26 FUNDA 
Fearon . SOAP pce SER 9% | ST 
Fe ga trent’ ee yg ree 
See ape pF 
be ps 
: 
1 
‘ i 
\ so ; 
. wm } 
; rt 
! } “Ba 
| EE ands OE tf % 
So 
g 
: 4 
t . 
i 
t 
} 
§ t 
i 
; 
+ 
j 
t 
| ' 
5 ae ge . : 
Ree eo. * @, Hy aS 24 es o nae cae + hae come ; ; ‘ 
. Jin ees $ Fe NGar es PN pote oiee Be ean a I a a ee a fee ‘ i 
’ ‘ 
1 4 ; 
8 
«a 


eee EER I een aca neg O05) Oe 
TE ES ce eg Se zeit 
a og FE og GENO) . 


IS Kas sg REPRE hy AAPL PET SC SE Oe a Ae “wt, me eye or ae 
< “ 


ct ihe em, yr atertet rast nT ON Sit tetcmtbeme coin, geneiniR meter grass te Eg ott BORON eg te hl A 


AER eT tO 
Bee 2a oy 


OP ENTE TEE URE n BEEN 
gi iy peti RS 


She ee ae 


OYOL Td LV XAIdNOD IOHINOD €6 FTuNDIA 


call ta allie einen 


nee 


7 


15 


ste 


* se eater ae eB 
Sd ae 


%, 
1 Aan ctpeady 
. on? ‘ : r . 
; : , 


Ty ne ee are 


x 


“> © 3 t2- Tea =! 


ae RTT Oe 


te he a lee ee A ave dO eT ed ees 


tania aca Pad segghaarr veetmamegein ts et SO Tie nee 


Seay ree magi ie Pas Gs be ry re gt RE Oe PR TOI RE ge yee pee ge eg ee tee, RRA eh, Ree ne ae 
ee a 8 Bee hee PRO Be : oe eee : : BS Mieke nee Fas x nga ot aes 3 Shiel pW ign ee Sy, Seige ute ene pty aint ee. ae ve eas A : 
“ oe ee eh nye SS elt = a vqurayaye cig tpetlbun ae b phgseepetleg gee wipte, 4 Neate be og tip 1a ke Sida Bast oey Fa Pewter MBB Gee yee emt tit eee detent oe Ta aT Oo serene ulti gers RN Rae Ge me ee ee : oe 
sie ? 
Lane ASS ime ager ee - 
oe oy woe on vA 
oy e fT ‘ 
4 
4 
coisa wiapiegiesres tore 
sroktminpsce ite aginst ah perry 
, + ' ae 
1 OF ne eB 
44%, 
fe sy ae a 
‘ OE a . 
2 5 ¢ 3 : VEE og 3 
, ‘ x e 
1 7 Pad 
t 
sei! 4 
' pat hy ! 
. . 
rs : 
R ‘ 
\ 
; : 
t 3 ; 
« a 
awe 
> sagen yo) 
BY % vey 
A 3 ‘ 
| 
{ 88 meg x 4 rm 
eae ; foo med ’ ot 
; ah Ege ©. "4 . : 
, : 
t 
; t 
+ ' : 
, “% 
: 
H 
, a) : 
: ’ 
" 
: + 


net ; 
ees 


2 fe 


| 
j 
: 
' . 
fe 
Z i 


Eehtstagndnn <8 ho pity gH P RR deh entre mpage sae ore satin nce tats ogre ba ee CME en es * Eg ogee Sith gens Renal ope smarts Se eh Na oth Se ME tg DRI pro e Da  se CARRERE Serta SEREE MRSS ERNE ES Ba 
b dent hapten at tans ionng eit sata apse tule wan baleen : Signe tage Pe Sag ‘ “Se Os * : 7 - ce eae i : 2 ee ¥ ei ane ape oe 


+ . 
yp Petter aed Bie ~ ae 


3 eS gaat 
erin Si tien 


ee ee ee 1 = = aa 3 z > Sete chat s tae z 
J Seo as BOR SRR ae pie-tnenne ns en Fig nee ONE eC Py BREA pee Se amen a I ey eo eo Ye pete ee aoe 
DARE alt DAE SEP . me; ivrsittin nad bee Ae phen: wenden cemarminereninge ee = coh aes rem ) onan atiovet se Mey gmente tae oe eS 


(agqd09) ISHL ATZZON Tala IHOTUM - WOLOALNT SNIZOWAV - %o’n *s6 aENDIA 


076008 


LYINI WALYM ONTIOCOD 
(szovId 4) 
LFIINO UALVA ONI'TOO? 


LYaSNI SSHINIVLIS ~ 
(Sa9VId 7) IAINE aaAZICLXxO 


(sa0VId 4) IZINI Sines 


° 
s 
&> 
2 
5 
g 
AN 
e 
1 4 
? 


ee a ee ee a 


ioe te “ - SN OS. % Neds : ‘ 
Rise etn : : % 4, te 


ee gt os s 
Mee Sa + hak 


x = nes = tomy tS 


og ca 

Nae Pa oak Cs oe > a ee ie ae FOR en me me 
otis Sighagetaew 2 ~ wn? x 5 y ot : 

Sera Me yi, pS Serine sheen pe ss oneal fod . 


ere - ae + me see eta — a 
> “ vee ee Arensinee 5 we 
: , — ~ _ - ® ~ — . ¥ a ee 
3 eo A were 
4 > 4 ry } 
‘ 5 


(SSHINIVES) ISAL TIZZON GISTA IHOTUM - NOLOACNT aNTZOway - 7O°N ‘96 TanDIZ 


(SHO0VId 8 - ONIEEIA agaL 
STWR “NI 97/1) LSXINI Tani> 


f 176004 


4 
7." 


(ONTLITA 
“NI $/€) 


i re 


160 


Vid O£0°0- 
Vid 000°¢ 


aver ae 


oa eee 


(APNILLLA AINE ATWH 


a ee et 


°NX 8/€) EHINI WAZLATXO 


(SHOVId 9 - IAN 8/1) 


/ INTLNO WALVM DNIICOD 


PR See pte Ne alee maton Tsai 
Ne nite reece nee ee epi “ten te co 


rae a’ \“ A Be o ‘ ee 


Go eee ts go ae care tote 


a & AS = 


edt Ops ake a bg Sa, ciniete ae La hgd set < 
* xi <a Be a Pe Be eh oct rR oteg a Poetry we Sp RL heal a aly . : E 
sais ies POEL cdi hades aoe of weapons smeatbresote pF romeo ‘ ree ee nw Banas ee aS GE 


SUTSAS LSAL WIZZON. AATLVIGV dials IHDIUM - OLLVAAHOS @ ‘TIES O¥OL Ta “46 Bund 
Qh 76004 


rea 2S 


RATVS ATES FAY 
BAIVA 29302 ESS] 


: ZNIVA CAVA ><] wamnasxvar-senssma 2 
wa es an ir) 
SATIVA SII CALYAALO“ALOKTE ‘bd 1 S oat 


Lr mma 
WOLV MOTE TRISTE Be Gl aoEnd a 
Pa (a ge Cs ; 
am coi, nH una 
j : : QNDT@ HHA 
- -BRUZVEULA 
t r os/os 


:OILYZTENSHUA 
. ire) 


miancoonszat (2) 


161 


PoLLVZTMNSS Ter 
no 


NVI VAL afar} : 
a vy a 
~ 


ae a wn Ca me ER Keg FP Bd Fs} BLT 7 


ee Big eigen ogg ad! 


mow | oy Sees) eMart eae Hcatt wT iter 


G3 EY 9 C3} £3 €2 cE | 


po 


4. 


« 


ee ta ee 


ge 
mer 


vy 
: $ 


1A 35 


* 
peiewe 


Janke 


eg ee Peas. see 
cm emnetanese wanton te Daweme tee 


sy 2? 


a 

+ 

si 

f 

a 

% 
- 
ta 
-_ 
: 


THEORETICAL C* (FT/SEC) 


2 ete em ale at nen Eggi 7 
ete €or ed aie Re ee ee en a oe 


DATA FROM AERONUTRONIC PUBLICATION C-2327 
1ST QUARTERLY REPORT - APPLICATION. OF 
MATERIALS TO ADVANCED ROCKET NOZZLES 


‘5700 Biteeteetee tee te + ; am AND HOT GAS CONTROL SYSTEMS 


ocr. 15, 1963 
H. M, BLAES et. al. 
AF 33(657)-11217 me 


5600 ft 


5506 § 


5400 


5300 § 


5200 


5100 


wubecasas 


F00943 U0 


OXID, /FUEL MIXTURE RATIO 


FIGURE 98. THEORETICAL C* VERSUS MIXTURE RATIO N,0,,/50% NoH,,-50% UDMH PROPELLANT 


AT 300 PSIA CHAMBER PRESSURE 


162 


7 ee 


WIZZON ZS€ GSV - SWI SNSYAA RANSSAd UAGMVHD °66 AULA 
ao ysiyte 
(SaNOo0aS) ANIL 
Bs . O2t oot _08 09 ov 0z 
ro) 
" . E 
a ; w 
3 rm 
+ ‘ ba - 
, wm 
| : 
; 4 ; —_ 
. _ 1 rg 
i 7 wr 
ie = 
“ge (IONSHAAXOUGAH=a) SIG Z ‘Z 
a 5 Ro WATILA BAINCTIA WANAGEATON 
bes 2 HEIN. ALOIS TISvaaTa 84~00TO 
: : ; ye INALNOO Nisae 20% HH 
ae i . : hte - ort = - thr ttt tt oo 
4 : 
: ‘ { 


ills ate a a as eS ES GS eo 3 8) oe 2 


: i nage op ge a ee ELD wet very ov te -, + mes verse - Boy ge sens 1 ek > ~othy Se ae =: Dee see Sees mnie anne ee see Ae ae os gale Le 
z Paes ena ss wt Ky pent 4% eh Ge ps Ppa NE eee alg ER eee LR Rs wen Vier fos ae wise hn SHE 6 Le we ey ee ce Sr ry aan - fon : . B Boe tgs PES fo. 1 


& 
nee Bias out 


peg ve omey 


oy 


_ ao ee Al hae, Stee KS! a eras re, er). tig ee. Beet. Vea a : 
ar 
' WIZZON 2L€ ASV ~ AWLL SHSUAA AMNSSTYd USGHVHO °OO1 aundLa 


Q €6TylUd 
(SANOOHS) ARIL 


tT Re arent ee re 


Oct. COT 08 ‘09 ae 07 0, 


Les 


WE 2 Glen SANS Vat oie na en eee cnet 2 apa 


os 


(VISd) FUNssa¥a WaaNyHO 


OLIONSH 

MAGIA VINODILZ 
INZINOD NISHY ZS° 97 

orcrresneabaricaet “20047 ° 


oe, messed? Rn er eer aR a Ne CON ED tom ey = 
ry 


\ : 
t Mi , 
© Ed : 
1 : y 
4, % ‘ 
, x » 1 
e ‘ : ‘ 
g ' 
be % . . 
- ; 
ah : 
oS 
‘ ay 
#4 cf ey 
- ss 
ra Agents i 
eé a ORD EME BS IR Et Qe I ger ne we eaten Pech eaters ata SS Ress es he ae 
ge, . ‘ oye Oe Caen : a 3 ~ Ser] Ceataieicaliren cal Temes eee gma + Bare atin SF i 
+e ky aoe Miers, MRE weno Him F we 2 aah Othe Rie tera hy we Boe tee Bae A OA Zep eA in Kade oats ee Sa ES Sel OT * SN de o ‘ 


SB VRS A Ming PY ee ee: 


e 


Payee 
Par ee ett 


i, « a r 
’ At id 1 
har oN ft ‘ 
Gaeee A % rei rsiy Sey cet ee ae 
’ RL EPP ARE OSIM Q ~ cxrhe NR A be enn vO Eman ae net RR A Ame nee ee eo - . M 


: : WIZZON O8€ CSV - SHIL SNSUSA RiNSsAIa UAAWVHO “TOT mMNoTA. 


(Spuooas) JWIL 


At ah ete 


WAGNVHO 


Saud 


ms 


(ersd) 2 


;  OLIONARA CTY ¢ 


SIS iy 042 HLIM GALVOo GN 
> HLOTD ALTHAYSS Vo 


yiees 


‘CTIZINOWAV 


| ; 
5 

: 

i 

¢ ' ' 

% 

> 1 

4 

fe 

u 

Ng 

wy 

r 

4 

* 

nates a 1 

att is 

i , 

@ \ 

oe F ‘ : 
4 s - wy eg ES ES ES we Se Lad 
sory Tene, 8 Calas ee, elo: : : fet eer a ee a BR See AD te agin aan te Am om) 2 ; . 

m4 ete ae Fo etl CR ORO La Fae, a oF , : cee ae : Sad a a + ta Pmt, a at ie He a - rae > 


AT) 


a 


CARBONIZED 4 
» (THR 


0), 


AND COATED WITH ZrB. 
R120 PHENOLIC 


‘7 


: 
8 


% 


166 


(VISd) BUNSSHYd WAGNVHO 


TIME (SECONDS) 


R14192 U 


CHAMBER PRESSURE VERSUS TIME = ASD 381 NOZZLE 


FIGURE 102. 


sient, 


{ 


J 


t 
te 


Bee me 


Sires See Gaee es 


HTIZZON Z8C GS¥ - ANIL SNSWAA ANASSAUd USAEWVHO “COT MANTA 


fl $76004 


(spuos9s) FNTL 


oct... oor _ 09 Ov _ 0% 


GaAZINOGUVD HLOIO ALIHAVAD VO 


(ivowlt) %a2z HLIM CBLYOO aNVHHH 


ee suewes: ; es 


aapedpa: 
seeus ag 


OoT 


ry 
¥ 
e 
ty 
i} 
r 
8 
s 
2 
8, 
* 
a 


002 


(etsd) qunssaud WNVHO 
167 


ME - O00¥ | 


metth elions e 


fn, 


fad (2.3 


ne 


he i Ct a een aS. crs 
ER, EY goes 


oreipicep hate “Beat SBE 


* * ‘ ‘ 
. i 
i ot ’ enw % es RF me te ee me ee Be me an ik 
; pen ia He, AS yee Aes -Agt Be teh. datas oe a “~ 2 anes “ate isdn 3 _@ © 
3 2 es reiNaetl igs ASokoren ennai — 
ie : cn ot one gre mse a erent pee, ey mes Se Be tae ce eee, ase sa a in centr 
Shae! errs ed OSes iw ewe dca ‘os Sere ! : 3 i : : 
2 . Gj nig _4 : ‘ ‘ : ie 4 
ae 
Fi ¢ 
2 yy - 


WIZZON O6€ GSV. - AWLL SQSUAA BUNSSHYd UAGNVHO °HOT TINDTA 


fi L6T”TY 


(SGNOODRS) SHIL 


foo] 
eres 
pil! 
fas] 
f=] 
rt 
© 
oO 
oo) 
vt 
i) 
N 
o 


GVH 
168 


(VISd) SUNSSavd wa 


OTIONSHA 
: oe (1-3H) U8aTIIA ; 
a. ‘VINAVH HLIM HLOTO NOWavd 


<0 Fone 


ee es 
oe Senter tpi emai 
ts 


Mn al AAR sa gay GOR OM eal 
fe gee Re og 


Re nee Sere sea aaa rae Ns a Te 
aia TAM a di Pe ee, Oo gh ee PS : 5 > Yd ae ee Eo Se 
nN CE cence aren aed poet sgh th ar ote 8S oe Been nom 


* 


HIZZON I6€ GSY - ANIL SNSUHA MUNSSaua WAUIIVHO *SOT gandIa 


& 946008 (spuooss) ANTI 


to 


ae pentane: ; 3 r eters * r 
TRIER HTT 7 : re E 
a vel OFF 


(ane a: 
oes 
anus ty 


a 


aeane sures. 


sence 
ond Sanes CEE eoT 


rhea ry 
esss'iee 


Suweureest 


# 


saomencacs 


ene: 
se 


tt 
eeesewaca : 
eu: 


rt 


FH Oe ae: 


SCES we 


ROGRe AER E: 


io 
ar 2 ob an 


sosdcasesanaces ye 


4 


vasen 
sxees: 
Satan a 
- 
sae: 
SSSRAARR S: 
oun eRe 
CUBszAGaney 
yausgege 
none 


$e 


earns 
ine 


Sia 
mig ivertegs 


Spiltipieiiineay 
ttt 
HH 
ene: 


ques 

eer ee 

tH 
seeengeus 


i 


Feecossese 
ite 
basses 
th 
il 
iii 
ie 
HE 


Load 
i 
M4@Os abn snanenasAee ROU 


Hot 
ae +f 


4 
t 


(etsd) qunssaud WAaNVHO 
169 


a 
i 


+, 
4 


ati 


fesse pecsstesss ot 


rot} ana ese 
ae. 


agrseey. 
Fagtees 
ETITIEs 
EH 


s 
Z 
: 
E 
8 
: 
z 
Z 
iE 
g 


tetera em 


PLR Lee on ene oe oa 


fa 
a eeemeee atthe senitenteR OPEN 5 Alt tine Fhe cae 


rv 


a me Be ee FQ ied Beg 


ve. ~ ‘ % Maes ~~ o> % 
eS ee nay OR or He 


aay 


woe ~ co . wae ae 


B ’ Zz ov ¢ set 3 oo 


cae ee Serene Sa 
COE onside cane ie Wa pacer edie ey ye a taptaba ening 
ne acces a easy gO ae 


‘Shee PY 60 og OE pe GE DE ETE IEF EON GER BS Y  TG8e BOP OT Se eat tig ee Gs mae oe beet aee) 2k ae oe 

we’ %, 2H “ of ae oe cae San S “3 Be unk so ag POR a0 ops ee dee +e _ 3B a  % i = < es Sa ae Oe Geese Shee oe ¥ 

é ae o aa 3 mig? 'g eS Roe tier cad Qe wie ace nae oe 8 oy « 2 . & é Ante 
hae eBags na Yenas = ples 3a bis Ri sRtadeed etal aN AR cao Sedes. baw Pe inbnts Sn are q, rane eee are Be sige ee OUR gH 2 d 


mt a, < ‘ oa % : o et eee ee en . aaa | aed - ad ae os zs 
: HIZZON Z6€ ISV ~ ANLL SQSUSA AUNSSAUd URAWVHO °90T aunoTa 
' N 276003 (spuoses) ANIL 
SS5si 
Bo 
a oH 
E 
ce ye) 
# ae ipa 
i iB 
. 
. : Hi s 
: gs 5) 
| | es By 
| Not 
{ 
Rane. 
; iosesneesgancs 
: VINOOYLZ RLIM HLOIO NoUvo ! siccatecan 
| 
4 
j 
& 
F a 
| 
4 
ore 
| : - “A ok 
= Se ie * igeane a a nd ee gk By TE RO BRR RRR aI HE me RU RRR IRISEINAT faa RMON le RR Rene aes len putters Annee sth eels BON Dally ORS ite ca Pa San fan SA tial 
gee ap a se Eh a ail i f eee ~ a us ‘6 Pe — om . 


Pe 


ee ee “ES, SR SOR EET FER gees ENTE Se ERED OGRE TRE TARE OE 
- t © 


: : © ‘ aN ww ex « 5 
© oye a “ a 


cael: ‘ ee . an me : : a a? 
wie Mag se gf s a SURE es hae: « a siaeke an anlte Brew Bree 
‘ . 4 


‘ \ 
& > 5 ao 


ne A 976003 


PTE Mwy FR aa 
4 
‘ 


PONE HERPES = mh toa hnen! 


ND eM eae oe> 


fe a) Ma “HIZZON S6C GSY ~ SHIL snsuaa gansSaua usaRvAS. 


7 PARR Ae ee 


LON nae eR en mae ty eR ete arte ee eo 


"LOT gunoIa 


(Spuoo8s): JNTT 


: fee as as SS ee” 
; . as frvtets = oo bpeds 7 as Eat HE By 
f Te Te 8 eae | i 
- ae Hy —. cee ee 
4 ee se ESSE ESL ce ull 
SSR EE Tae PLS EEG ea Sy oz 
| Fe ee ne Gee tell 
iy curate ct et att EHH (EEE HE aE i 
(eH Heat ee ee ser ae EE Fee ET 
a | jeter rice ee ee ee 
2 Pirainsiiiest Panis Bese dites FEeuy tose] Sobeustest tatisuteytenea ecu pasttaes wee 
ie TOI 2 ES ee 
ib ice ce ceetcee tetera eee acura eee [ee Eee 
(SIIGIRE) S1OZWOIWLZNaE x 10a EE EH eT 
HLOIO TISvaday 89-O0TOR HEH Brads beans duets tenet forza eves te 
INDINOO-NISSH “0°. 7S HEH oo» 


oe treme ee se ee fe 


‘zi 
= 
1 
i 
t : ‘ 
te 
ary 
oe 
in 
. ae me — a ae! ae | 
ead 
ve 
en 
: wet oS See mY eg are: Sg 
a sacs fob. <a Be 2s" oe Ay ‘st “en 2 F weet iy ne 
vr ‘ “ ig a snide 


= fe REI ES eS lO oe 


te te ee en ee 


(eysd) gunssaud waNVHO 


17l 


Se. oe i. cv ae yt Ae Rae eas fhe 2 wate icant clemcianmmial a 


he Oo tt spi hak a 


2 SNe ane a ne a RA MOIR Ale RE RR REN RO MG tk 
x 


eee Sener 
wf 

¥ 

‘ 


‘ 


x9 
ee 


8 


ia os 


i i ae a 


SI2ZON 96 OSV - BHLL SOSWHA RWNSSMYd URXRVHO 


ameen oabes pacen sees swonde 


eznes 
yan 
we 


awe on 
abpdne- tet 


Ot 
4 
Re 
Ped dubet tuted 


ite 


pease ce: 
MISTI CSO FO 


ease Sines 


‘(Spuoses) AREL. 


e 


“SOT WandTa 


Reva 


(etsd) aunssaud WAGNYHO 
172 


: 
| 
i 
t 
A 
i 


a 


2 
& 


2 eeyTT a ? ¢: al we 
* IGT wey a phe eites re at len at ee BI eS : peaeey ts 
te att eee ee fice sgh vena, (ane Bede aie Pe See .s vg? pet is PRR, OO Ge QOS A ee? 
caomght wnteg oN Hs ; BE AS, Cen ee Ge bn OS oe BS FROM oa Se RUE Rohe ¢ 
oes eRe 8 a, CORK Pe FER. UES x %. 2 f : 


a a kia aula 
im ; : a 
SoS malas ah ae iran eS eR I] 
a 1 88 eet ear ome 
ae Brcko dk 


ca a a = mE 
Tee eS Shir Data aa eas 
+ sapiens Sot stabhet es SIE pea Reg be esos MR Ra 
uA a a >. *, os oe ro Le} 
wheelies alae tc Sateen Amma ent hae TOE rete stalttennn animes atnrmcenn Sinan tartan time NN 
at 


: Noe 
a : va 
epg - Ae ‘ : Fy Arne 4 P Aeast hs 
j > a ‘ a bn E> Garg 
: We Sie AC 
? 
, rk 


—. Ee we om eel Ce Oe 
: 


CLOT 
Hyde at 
os 


ae 


a teed i 7 
.Y ‘i 4 %, 2 
an ; 4 Y 5 


“a 
CRAPELTE 
Se ier eee eyes ? 
ork) MF he 
eyes er ee +B wok fF ,ug- Q 
re GF . 2 os ae 
; 3 as ak 
6 r 
aS 


aa 


Ge 3550 
aye 


squab? 
a 


Haare bet naa | | 


Erna ERE 
a = 
Sey ee ee 


Heo Bates 


a 
eet ae a i Cae srr at 
AE peat St HIRES EAE | 


© 


400 F 
00) ‘ 
100 


o 
” N 


(visa) aunssa¥a wagNVvHO 


173 


TrMs (SECONDS)' 


FIGURE 109, 


CHAMBER PRESSURE VERSUS TIME ~ ASR BOS NOZZLE 


pee Rn pene ae ee 


: 
seman aR ea «ADM ent MS mn Ineemettie 

a 

SP ee Se eres hee tt 


alisha : wae D ss ee gx ~ vs Sea: sh bie oi Bee ay ae athe * if oe me - oe ve + - 
S ‘ so o i - e + ms o 
. ~ . » , SNe vee ee . ' ; 7 
a | 2% : ar 
‘ “ SN ae mite er ee * cana pti ’ 1g Lo ae “ “ U 
‘ , a ve - “4 Pica tg. tee fg a ee tb ae 0 ene Agger nt aah 
he ; 
oe“ o @ pg Me, oe dewey © JOR a att ross A Pownce on 2 perpen. mmeman me = pemmnaatn 
° STO ages la "e rans Se er ak ee eee ea tg Sent “ane oe ae Se. terete Bn ce ee Tuan” | eee aay ; 5 
t t ‘ , 
F & 
, : : 
i 
, ~ po eee re \ 
| RIZON GO" US = BALE SMSHHA FaNssava UAENVHD “OTL aunDTa i | 
! P 
} 
P : 
’ ' ste . a 
|  n setyre 
4 be 1 1 
. . {sanoogs) SHIL 
‘ oo or ' q morn ae eeeeee cee . : f SITIO 
j rt) as 
: Tritt 
i : re 3 ; pir t 
‘ 3 ate. i ; Trt 
; mash en ea a 
at é 1 eS ‘ tre a pity ry ae ; = rH. 
‘ ' ity ‘heoets ‘ RUMRADRRaNe Tee ; am Pht tty 
! 7 sea zy | 
| eee HHH oot 
= Q: 
AH ; } ; , | 
: i, 5 bend =unmeeawaeaah Sees eas aueeenae ‘ 
‘ betes bit i Sakuexeeae . | 
SAVER ARE wm ” 
= ; 
~ m 
‘ ef = 
‘ rH 002 
| : HOS 
sas 5 is} 
cH 
' an - 
ot. ba] 
naesaue aa aan a 
: aH HOS 
; ee ‘i t = 
wan OOF 
: cite quxnran aut 
me z ery sushessiccsenns Pon 
: i ‘ aaehci: ITE wee are: 3! F 
fe f » ‘. Danae 6.3.8 } aue hase eeeR as i 
: : ; re i ; oS ; pec cceseens' <8 
: 4 : ae! ‘ an 
: , a 
' : Nt 
i : 00¥. 
7 ‘ 
« fn ? . 
| “i 
a oy : 
: ‘ i : ae 
‘ ' a, a € ‘ 
an : = 
we ree 
ay 


SResx 


5 OWPS: tH 


$a 
First +) 


tt+4 
* 


OY FRE CORK 
ah aaah 
serkses 


Sad 


ise 


CINE 


Po be tone ees 


H if 
Brey 


He ST 


Ue 
4 


i 


i 


ret 
Ls 


awh ~ BD Pie 
Rat 


i 


Pes Can mA! 


eSSte 


ane 


nae 


z 
H 


: 


Rig ek Doe 
je NH a SE SE 


ie 


Green 


Sy 
age 
a 


ease 
5 PROMS SP: 


ized 


eras tren 
aes 
steece 
Pe 


bs 


ey 


eSakesende 
Se 


WZ20N Zi OSV ~ IRIL -SASUBA TANSSHAd YAGRVHO ‘LTT Tanda 
(§puo2as) ARIL 


ft 


Hl 
Hiecdtt 


44 
Ssegtevene 


i 


we: 


ane 
rhe. > 
SSO FUUEE PEeRe 
one 
sttritts 
nes 
sqees 


sksasaee 


a 


ait 


ie 


+ 3444-44 
sas 
i 


Hh 


bias 

ote rest 

+4 ms Al 

» Ht ase 
paeuad 


Ae, CHETEK 


SUSE E '- 286: 


BEwEs DH oneR 
Renae BASKSO OF8 Se 


Bpaeds 
SIURSHETCSSH EARS: 


tits 


ath 


EROe CONSE: 


ca 2S Be ea 


mernens peee eaten, et om Be 


dose beank sese: 
ete -bk 
wseuanss: 
ee Dawe: 


we 


To 
ie 
rity 
Ht 
eae 
PT 
2 
@ 


sa 
as 
eo 
8 
a 


i 


ea ee 


. 


test Py 


Oo 


seesbessere 
feeeseeenissit 


E 


. 
basce Suaseaseve 
av SUCRE SURRERPOES 


175 


(eyed) aunssaud waeHVHO 


wpe 


am weet nk 


REE Ltt 


‘2 


NIZZON ST} SY ~- NEL SNSUIA SUASSMd UIEHVHO 


& 1S6004 


ae 
~ 


‘bux: x 28, 
aaaR qe 
ave, be 


. Y rs 
a 

Pt AM +) 

12S ade 
ao is bre 
® 3 

reIT TTF r 
OXkSs eens: 

b ASOaeeseang Aa O20: 

. sine sess 
sakuene, 


ah 
i+ 


cpeer. 


“ ih 30 rn 
OAS Hw $9 nes eigae 


m 2eneys tht 
B SSeS 


ease dnbad 
FY 


: a 


Hine 


rrr 


OTIONAHA I-16. 


oe 


‘USIUI) I 
TRAINOD 


eh y ety $ 
queses yt 


‘ 
‘ 


hati YY OM 


$ hdr oe mee a 


TISHERE BY- 
‘NISHE % 


Ages ow 


WO 
vest 
60% 


SEN RRS 
Hy tr Grass 


i 


rH 


t gh-3-4-4-4-4-3-3 


(Sptiooas) SWI, 


sxpnanas 


aH 


SUSSS SERS 
Sita 
eae 


fs 


i 


Bae. 


oe 


i 


Rene 


Cunbes 
eees 
susree 


Cipacer 


Hit 


“ZTU sunoTZ 


cue SSnea: 
Cane Sanna 


ceusessnceese 


100T 


QASSAd WATHVHO 


° 

° 

: 9 
(eyed) 2 


sos 


Pa a kts 


2 SERS gL NOR ae ale HALA CET cS 
: o 3, Pratap ve ei bs = 2 oa = ca i 


Bere ey eee 


‘176 


st eae ee ee 


a a Pe 


: —_ cerns gee centre Parag nnurnee <r pec oy 
EMESIS ELEY TATU EST TSR EE RO IT ARERR NS TT OS NEEM ET SPE FIRE TY 


ea 


: | SIZZON OZ SY ~ BMIL SNSUBA. TUNSsHYd UsMRWHD “CTT qunora 
A es6d0r {spuo0sss} ARTL 
aor’ . a) 
L +4 


tet 
He 
Hi 


a 


wae 


+e. 
ead 


n Stipd priya ys Serene Aaiat t ait Ot 


i 


8 


‘pasberes 


Bedntesgissetteiss i 
PGA 


. | Frsutteets tase renee gH aH FepeE 
F 3 $ 2 vteeee 
He it 


“U4 4 4“ 5 | 
. . : a 3 fY 4 4 Ht 
y re a 


ener e. sue 


ala 


€ 
a. 
werese 


eee eres. 


177 


bers 34 


ae AS 


d) aunssaud waaNVHO 


‘ MU stectssecatigccavesssansttgsas ieee reat ty ie gy. Sy 
Be URLS eaeaH nen EERE er ate 
ore f 5 ite oe 
Be a Ft SS ‘ eeue 4 : 3533 00g. 
yaeseene 3ah2s O08 a 

Pe eG, Ene ie 3 . 

‘ 3 saske - ‘ 
eos «8 CInT6 LL REE He roe 
we he NY HLOTO sane oN Oo tre 
pF Oh he SZ-OOTO WLYNMALTY HIRE w m 

a  . INKINOD NIGH TE ec Heo iH a Bess rds =e SEY OGY. Gees 


q 
anes 3 ‘ s , i ag. or 
4 ace = ; 2 vie - 3° ’ 
f = of . 
& ‘ ‘ : Ge . 4‘ 
a “r th s oe ' c > ‘ a 
. Le : ‘. ‘ ; & ’ * 
' 3} i « ‘ é i ' . * 2 aoe . > a= e * 2 oe 
cf NA yee : j ¥ i é, 5 
Bp IME gag oc GALS rye 8 : , ‘ 2 SS go ‘ ae te 
i 7 oe , * ® ere 
py ae wey ‘ ‘ . 1 ig Meith «4 - : z ae 
ty OS r, ¢ : oe é a 
et as éé 2 on . Z g 7 ae 
g 4 % , : os > oy = o ~ aS te 
« “4 a 
> a ‘ 4 


a 839 68 69 8 ce ao Ee &S &S eet Ee oe oe a 


\ ‘ ew aay Pro ok ae” PRUNE Frae a . rs > oy nr see si 5 . 
ON ap se OM eo Be Be iS SE BAT MERLIW $o Bye he hw EY sR GRR SRA nama 3 es o CS te use te 
‘ de Sree PS = a . pie tap oe ; eee ee ue ley an : gt ” 2 Ge 4. $ os 
4 ‘ 2 eyes he , ‘ Ber eine ah F ya Pee * z <i eee ee aw: ‘ 


or hg < , * ra vos 44 Ae vom ae | eo sy =e 
3 ri bee 


oN . a awe 45 ty 4 € face - ¢ tak ea 


| | HIZZON vy OS¥ + SHALL SNSUAN uNssHud waNVHO. *YIT BuNgTA 
| (spuoces) INTL . 
Q $6003 (SP Au 
* ‘ ‘ : | 
+ 
an , 
3 . 
¢ ; t t + . Bes 3 
35 : se | 
. ; HEHE 
So tosss cats sass | 
| : ; | 
, 4 ‘1 ; 9 ee 4, = | 
; 3 ef eth a 
* iv ay 4 s iS | 
ttt i td : 
a4 Snake ty é 
‘ zs | 
a 8 
; ae ee: $3 : | 
Oo iis Flutie : | 
‘ 9 ; ; aaa rere Shan 
. SEESSET e 
wa F : 
re 
: =. 
- 
. 8 | LIONS GI-16. Td, | 
| RIOD TESYUaRy 94-00T oo 
7 TRGINOO NISHA Z9°ORG 
. : | 
3 e | 
mn 28 ) 
a | fo 
{ ~ y > 
’ e . . ‘ / | | g 
- a 
aS PEP aged : ae ws a ek vel Ro ho, Be 8g eh a Wg eh Bigg FP TR RR EN ED HERG Re OE Fn ee ogre aaa ee 4 
es carmen, Seer a aS eis i Rectan eS PREP Ces ea ee wnt SPs tn peroon oy reat eet tr Baap Dg Se scsptty . a pe 


Se a an es “ . 
a a ne FON Sr mete eee dite ee vs 


= . = 
A tt 
= a. et = 4 : 
tows ia mA By . ; 
| jad? & A | 
as. WZ f 
Sage | | 
ee wea: a ; : 
wy ee Oy Bb ; 
; Jt ss a eb 
‘ ‘ ns et 
Qt 
‘ : : A BN = . 
‘ a = 7 = 
\ ne Ht i 
* t eee See. 
a ‘ ti 3 $+ ‘ 
my ! : tH 
¢ U r = H : 


sydesusoasesn 
rh 
agsananse 
(SEC): 


‘IGURE. 115. , CHAMBER PRESSURE ‘VERSUS ‘TIME - ASD 425 
179 


Hf a 
, 2 
; I 4 
A 
' ¥ 
t # v4 
i ra : 
> * 1 . 1 
1 i * 
ey 
: 4 * ‘ 77 
, : es , ' “e > : 
, , : t > 
! 7 € iJ ? . 7 ~ . 
.7 1 ; ’ 
€ , ‘ 
a i . eee 
- y 4 (eyed) gunssaud waaNVHO bs” a 
¢ ; eee " $ > y ’ 
2 ° 
$ y o Mae ° cA © ny ere He Om fan “ a ta ~ 7 
< SA Bee ied od EN meee Ree hed) 8 ~ Ey eee ee 
AG eee a See Phe 2 « Sa. anne ar k sion tae : bP et, ; 5 
8 Repo" ead ee eee cl. aces mite se nem mae ota GALS tt tae ang Be Sie ie ai, ie Sa ab eR SS 
se * aad PEE RY ay vis alg 4 4 is i, 5 z = He sae s ae 7 t .a a 
‘ . pda ioe die é pits iil dati ie ea 


2 


ay 7 
ag 


eS ONS rae F ogee Poe? : : . - 7 2 
400 eee Bee eee en, eae 
: tetedadess ASD 426 NOZZLE 
TH 41.6% RESIN CONTENT 
isgsstsstesesesseecss 
spenatesss srenteaser sussgsese 
2 HEE fitussresinniiseiesrepeeteatnees Scssittiay acetates tare tetzz 
a ph ssegrcesessvacagacetsetesnsssseese? prreitrrepereapeitteesetircs * 
we nn rH aa senvetrncsteawesceas coves sages sees tes 
2 SURKEd NenGds SESERERHOR + 4 
2 reegietonderce jetes 
> - SP eadudonad 
= disdasceetassserseassessss feces: 
4, MH conus seans sngus seonssness 
‘fel. Seba ueneeseens ves 
z eset at ar tee eat tat tat sate 
i) Ses againenesevesteataasegeteeet 
; jardetobetninate 
, TIME (SEC): 
: ‘R14183 -U 
FIGURE 116. CHAMBER PRESSURE VERSUS TIME ~ ASD 426 NO2ZIE 
‘ a a 
180 , 


ae 
4 


2d 
ee 
ea 


5 


a? 


wate g 
fav PP a 


& 


i 
aS a te 


“Bg ad 
AS 
x 


¢. 


« Bo 
wat @ 


2 oy? 
rd 


: 

ae 

oi x 
Mi 


Mog 
i 


cs 


e 


asgespion 
& 


e At oo Te oY ee mw Re er che ne a RE 3 5 reer sa Cay these. IS oh Re: 


FOE DEAT ORR 


2 
> 


~ wera 7 =a 
: ‘ 
RS Gee to 
a PO BOO 
; 
; Ses feed 
* 


“ 


ERE OF - ARETE GE ww pea 


Bay 


a ee 


ig: 
i eg UR 
| 


2 as | Hie abiessnatscastesatreseetas dozezdzesbeezevessvacceseitfs ASD 427 NOZZLE. 
0 41.2% RESIN CONTENT 
CCA-1 CARBON CLOTH WITH: 
B,C FILLER 
Et CTL 91-LD. PHENOLIC 


ne ta 


300 § 


oe 


CHAMBER: PRESSURE (psia) 


Maa SE assy ie 


TIME (SEC) 


by R14169 U 
id 
t i] FIGURE 117. CHAMBER PRESSURE VERSUS TIME - ASD 427 NOZZLE ; : 
o : 
: i 181 
{ 
- | 
i 
(al ONE AEROS | OTE att cet s nln ep ee ete ine =e . = Mite 7 oe | 


1 TOR 


iis 


‘aoaay 


SSpee fee 


. 


er cia alata saa aki te nina ai 
EERE Sanger ian 


gS 


og * 


ations 


SC 


ty 2, 
Tre Ate 


er 
ay 


“te 


Ap ts Sapa gah. wpa gamer 


tala setsisdinninining aa 
a ae ae 


¥ 
& 


het re ne 


eae 
tenartngment ide: 


asap 


Ip 50M 


UE AERIS GET IE HE 
- : : alti pies 


frat oy oko 


ae 


ee sei ee ania 


SOLES ES Be ers cen Se 


CHAMBER PRESSURE (psia) 


senqevecra 
gaenecseuas 
eae 


3004 


200: 


100 


FIGURE 118. 


ASD: 436 NOZZLE © 

40.0%. RESIN CONTENT 

CCA-1 CARBON CLOTH COATED |- 
WITH 1,0 TO- 1,4 MICRONS‘. 
OF :PYROLYTIC GRAPHITE 

CTL 91-LD PHENOLIC 


seaesessasesne 


PH ods 


sii atti 


s 
seegenceuss 
Ons Anengasunsnees Sense 


TIME (SEC) 
R14170 U 


CHAMBER PRESSURE VERSUS TIME ~ ASD 436 NOZZLE 


“4 


a 


Ah ed, 


yea 
dae 


a 
JRO ea 


« 
2 hat 


ae tee oe ee bh ek ree a it ct eas & ox = Z Be aes ce. J8 2 4 
PG 
aa : 
. 
of % i 

P 400 “41.9% RESIN CONTENT  —=——«eRH] 

+ ey ‘GRAPHITE CLOTH: G-1550 
a C COATED WITH 1.0 TO 1,4 MICRONS. 
: bg OF PYROLYTIC ‘GRAPHITE- ZIRCONIUM. 
" f Ftd - 
oo eee 

: 3 
ra ; ord r 
Ei “ . 
a: L ba 

4 ne: 
., OS i 200 8 
a & Ay ; 
if R 
i i 100 Feet ‘ 

| 
q . 0 \ 
a i TIME (SEC). ; 
a ( ) R14176 ‘J 

i FIGURE 119. CHAMBER PRESSURE VERSUS TIME ~ ASD 438 NOZZLE 
fi 183 
sal AA ENA SAAt RETE SOR A ASN A RAL A NEB Rt tanttes Hin ran Nn na mim tne = ‘ 


DR + we GDR ER A ele eNom! at ine me ne oe Se ie OEE — : 2 

ri wv : 

Cir eee 

Ear 3 r a 

[| — 

a ee 

oe 

dace 

7 

2, 7 re i 

é 4 

F.- ©} : 

a: A 

i ae 

& id : 

Bee ‘ 

a sieeeasanSHHTTTITETEETCeeetoeannnET ‘ASD 445 NOZZLE —S*&Y 7 : 
FoEH 40.4% RESIN CONTENT: + a 

'G1550 GRAPHITE CLOTH ° ‘ 


COATED WITH 1.0°T0 1.5]. = : 
MICRONS OF PYROLYTIC. | 
GRAPHITE-HAFNIUM: : ws 


cTL~91- uD eer 


ae 


seeeedsnce 


; 
CHAMBER PRESSURE (psia) 


Fi 

q He SSS | 

Bs 

f 4 : 

, TIME (SEC) 

4 R14177 U | 
a] 


ee 


isa : 3 
pedal a PO id GROEN, IER 


4 
[ 
; FIGURE 120. CHAMBER PRESSURE VERSUS TIME ~ ASD 445 NOZZLE a 


184 | 


se : : eo e . : : : : = 

LOS arcane nmi Ramat 9 SiMe Tlie ty Nets edmonton Sp anehe pape eee eee ; with cult ey weet ne inion eit 4: ge > elite estat Bd wn = of 

; ee ee . 
2 . + 
P - & oe 

oo . z < > Ff 

- 5 > Oe on 
3 
z Cee Fi 
4 . x eo 4 i 
: z 
2 4 
.s 
- 23 
"4 
1-4 
hn aia ae 
z 2 aio 8 
: ee 
= i . 

? 

r- 

sae 
: 3 
. } 
re \ _ 
bss : % a 
= t = 
3 3 : 
a 
q ; i 
* ¢ 3 
£ ? 

Eo . H 
F 400 : 
L 00 “ASD Gad NOZZLE 


fi | HH A1 4%. RESIN CONTENT 
: | : G1550 GRAPHITE CLOTH. COATED’) as ot 

: WITH: 1,0 7T0 1.5 MICRONS | } 
an : OF ‘PYROLYTIC GRAPHITE - |' pes 
i m: HH TITANIUM ee 4 
0 “CTL 91-LD’ PRENOLIC | 


psia) 


; j ge od : 
a ta 

en: : 

ime 

ae 100 

0 

R14173 U . & 

FIGURE 121. CHAMBER PRESSURE VERSUS TIME ~ ASD 447 NOZZLE ; 

. * 185 : 

% ONE ERENCE RO EA REPOS IS, cree ERNEST IN inom inn Se hoe aye ig Fi . = 


‘4 


Fd 
eM 


ma Pid ce 6 aaa v 
(i ay 
$ $ 
Sade ofA, 


ye 
oe tS ae oe 


be 


% 
x 


i 


~ 


BE eit, 
vege vag! 43: 


STR SESS 


¥ 


went: Arey eR 


7 ery < 
was ATE 


a 1. FCSRP SPSS 
papper: eRe eS 


“ioe 
Pte 


SRT 


sy 
ae 


aise 


S 
_ 


~o 


el ne 


a fue > 


CHAMPER PRESSURE (psia). 


PIP BREE oem tap ee ae ne eae ne 


300 tH 
ere 4 


100 FF 


FIGURE 122. 


ae ae 


“ASD: 450 NOZZLE 
40.6% RESIN. CONTENT’ | 
‘CCA-1 CAPBON CLOTH 
POLYIMIDE I-8 


ae PtH gues 


oe a 
HH 
C3 


nencese soce 


seatnaat 
sie 


Begeatessies 
Bitte ett 


sscenes 


ne 
ané seed 
Pett 
jase: 
ris 


mae eee 


ee 


atiae cedaahee 


EHS 
+4 ges 4 oun +o 
ie Ch ine EES Here 


aennaces 


BRORE HOHE SE: 
besedceccesces 


s 
Sonus euyeeseen: 
H+ 


fists seese. ; 


wensseeneugecens 


£2555 ; 
Hees Seaeate i 
petite : 


oe 
Sete , 


eeteereeeee ace 
: Hu TE 


waneneeness asapensen depos tense tescesterssssss 


TIME (SEC) 


100° 


R14171 U 


CHAMBER PRESSURE VERSUS TIME - ASD 450 NOZZLE 


ee I sc enh oa rman pai ene tle ee it fy a ae 


t+ 
. 


t : 


DT phish lahat 


anaes ane 


SARS wate 
mg 


n> 


hy 


oF. > 
any 


fiat og UF 
Sha. 


wt 


as 


7 


> 
nee 


+ 


yup eeanaaeyean 


is 
patos 


sy 


oe at ae 


Age 


ras 


SY 


ta 
oe 


y 


pag gue snk Oh 


ss 


sori 


“sy 


sp eh in 54 gen nae ghey 


oo 


i 
t 
f 
: 
{ 
I 
t 


, 
Be 
rms 


a 


ei 


costa | 


“4 


por ay 
~ 4 eo os 


pence oy 


as 


cee 


aa 


3a 3 So es && 


« 


ae) li M2 ne a i pee a tn” Bs 


ee: 
csevesed 
Setesncsuge 


300 


Citta és 33 x 
Baseeas 
titett he 


= 
fe. 
esiesey 


=e. 
a. 


ssiaase: eee “se 
ro teas s 
eee 


ae 
HES 
¢ 


= kee oe 
eguwase 
ryt 
em: eee 
aaa! ts 


‘e Sreeetet? Hy 
209 F sSeSeeeihaeat seebisctase 


SeFSpaussses. 
taxessunesscs 


SEE 


eehdisessfetasizestss 


CHAMBER PRESSURE (psia) 
t. 


100 FH 


FIGURE 123. 


eases gesssees 
Ropecessenesseus w: 
canes 


RE ASD 453 NOZZLE | 
a -C100- 48: REFRASIL CLOTH, 
eg POLYIMIDE 1-8 


i 2 8 : suit sical : Ee 
xscaayss hd i++ 4 sascupunese ter ty 
enesasss seaee: rated Esa oe 
anes Hitt 4s RE tiesesest eoeente rth bette erate seeee Be 
Hie aa see ni isat Sty dteatisatt ae 
44 “ rid 


oe. 
bd . 
i444 sateorscgesss 


iisee 
eR &E 


Surtiisatiti 


oanen 


TIME (SEC) 
R14172 


CHAMBER PRESSURE VERSUS TIME ~ ASD 453 NOZZLE 


187 


wa i nan 7 

SPAS Me, be 

Pate RI OY 
3 


- 


Fs yaa oF ‘ L768 : 
rnc Me in Ge gy aoony agin 
Ee Be 


ae 


od - 4 
Baitog = 3 


Dh 
OER MESS 


Bs tye GAMES Po * 


“wis, 


CHAMBER PRESSURE (psia) 


ae og Retna anitn me eno ee 


$eaees isees 


Hed 
BE TE : ie 


etd 
ee 
oe Ree geee aoe 
Ba Shh) “abealisetait a eee EE His its iat 

Mee SE EEE I BiG i a 


He 


ame z 
eee a Sea SL SR 
A a 


i ite epare ee 
roo fee Ua ce eee nee a 
oe 


silgaeel perntueseateat ae + 
at press bass rb 


ca oS EE a aetEes iit ae 
Ee RUEE iE a 


couaReee | 
SREP 


1 a 


Rai ahi 


eal 
anu 


i ee 
Re Sams 


0 100 120: 


TIME (SEC) 


RI4iA#? VY 


FIGURE 124, CHAMBER PRESSURE VERSUS TIME ~ ASD 461 NOZZLE 


188 


ae 5 
x 
7? r 
Coe oe, 
> 3 
eS me, 
es Seas tee 


ead 

TS a. ga Ay, 

* Se eae ee oo va e 
D>, «he -. 1 $ * Ps mn 

‘ és re 4. ae a . 
> ‘ wots ae ° & 
pate SASS ee gee > a Br mage th . * 
weve OG Bc att Det iinds Cie Minn, Dodd loam 


Fo 0M u ~ 
* > « > 


ft 


wart sia doth anes Seed say 


a 
% 2 
% 
s 
‘ 
> 
> 
pr 
“ 
A 
, 
, 
> 
: 
ae 
ee: 


n 
> 
, 
ba 
ee 


t 


‘ 
: 


a - 2 
at TTR octave 7 eel ET epee mn nant EEE RU eR co ee oe cor ern? 


. 
rey 


A Re 
= Kanes SS AO. 
a a 
1 
u 
ea nieoesta’ abt aerial ot aeeaemeaneliin ad 
N 
Pees 


% : 
rit io = # 
eh ¢ 
° wh 
ry 3 
PN | x 
e ‘ ; 
“& + .” 
Pig a 

a? ms 


? 

“3 

os 2 
A : 

ae e a 

3 & 4 } 

. 3 : 

re : 

” - . 

& ” 

4 ww a 

sd 4 


> Qe Neh 
* 
2 
Pee 
, 
Leen a ace cee er a) Soe eee a 
isave 


2g, OS 
Ra, 
ad 
2 
2 


400 en a aceeeTEEERTOEEEE ate PHHE ASD 462 NOZZLE 


=. a 38.2% RESIN CONTENT Pe 
ie i G1550: GRAPHITE, CLOTH: a 
: COATED WITH 2.5 MICRONS | 
ey oe OF PEROLYITC GRAPHITE ‘ 
he ee ~ 300 Hats ; 
a % ; 
” La} 
; t+) 
; & AS 
" ta 
tet 
A 900 
rm , x 
ae @  & cee == ae 
t ee fa. 25 um 44-43 raat ey 
} 24 
Ay $3 : 
: z Sg eae gia ete eet est BH ‘ 
: ‘ | zRebes rt tt ‘ 
Lou 8 
‘ 100 
fore 
fe 
a 
i 
1 { o BEE BEGaiSsgsseegdsosstfnssiseceecopssssenetteetaazs : sbases 
i fi : 
{ & TIME (SEC) 
° R14178 U 
if 
| ‘ f FIGURE 125. CHAMBER PRESSURE VERSUS TIME - ASD 462 NOZZLE 
ee 3 


189 


se ee 


poe ee se ey a meeneny en om 
r acpi ad Leann f , oad i Ms vent a eer 
‘ 
‘ 
\ 
{ 
} 
i 
1 
1 
\ 
t 
i 
i 
+ 
j ae 
a 
H 
* 
| 5 
& 
1‘ a 
e: 
{ 3 
eof 4 
i 
t 
} 
! 
' 
4 ; 
3 
ft ie « 
: : 
ue ral F 
& 
ra 
+6. 
a ‘ ‘ 
Me . / 7 
° 
Aue SRST TNS ee oa He ary ee. eee, hoe 
uy, eee aed Soe eo “4 S Ok i: ai Sepa Foes ne nh 
£ OP RN oe smeaadee . 


LOTH: 


ns 
» 


o 
wi 
ee 
2 
& 
"ea 
oa . 
<—t 


z 
ive) 
= 
ba 
iP) 
a 


“4 


TIME (SEC) 


(etsd) gunssadud YIqNVHO 


ae ee een 


me Ton fs Sess weg ges aen mine S202 A i es oer oe mee 


R14168 U 


CHAMBER PRESSURE VERSUS TIME ~ ASD 465 NOZZLE 


FIGURE 126. 


nee 


mere eg mmtemnnien fete RAAT Pt RAE! 


Pinca -wimwosnrmmmtmcib tacts. 


190 


S : 


nig eH ce PE Rk iain sical 


Seeds tare 


De etal 


ase 


4 ras ? 
a. Rr SAR Sipe mn en a ee ee ee 


SR Rs 
a 
aes 
; 


‘ 
° 4 Be 4 
f BSD 066 NOeTLE 
2 38,0% RESIN CONTENT | << 


100-48 REERASIL CLOT. |: 
B2353-41 


Hi 
— 
esi 


(psia) 


CHAMBER -PRESSURE 


Me eee 


# pee - 


oF, 


oe | 


epee R14179 U | 


> 


te AER tee ayy 


ae 
—— 


Me 


on 


pi eth 


Se Be Ea EA 


FIGURE 127. CHAMBER PRESSURE VERSUS TIME - ASD 466 NOZZLE 


pore eae 


x 
‘ 
4 
i 
3 
} 
z 
b 
4 
: 


Ron 


agente tI ts 
Nadal eenneinad earn 
meng 


191. 


AA APRA LSM APA IRE LOL AI RCT A ie oS A I Ec pm ane Steines Se BOSSES Si Pee Tas, Sah ie Gir a ag: a >. 


® 


_ 
Ny Xx il 
«hs 


APR 


Ex 


Te 


Te 


FRING BES HAI TOS 
t 


ay 
nay 


Ot TONNE IE 1 POON K A AAA RENE TE NENT GO EA IIE AOC NRW ts MRE vee aebitctser SiGgate anit Ake 


2 


SY 


a 


sgh ahs 


ww Ny By by 


ae 


cs 


» 


esc, ammenale  tor Gieighne a i Poona AM FMD ey 


314) 


(ps 


CHAMBER PRESSURE 


wis Aa ch PR ana oo ce 


ASD 472 NOZZLE 

39,8% RESIN CINTENT 
100-48 REFRASIL CLOTH. 
B2353-48AB Ne 


sesuenoee 
rritiiast.a3 
sonny 


ay suaer sectteess 
Setrssesestedsecssss 
eset sessesssse 


Peieeeee | 


eease ie 
hodko cksavokerl Saeee 


TIME (SEC) 
R14180 VU ae 


‘FIGURE 128. ‘CHAMBER ‘PRESSURE VERSUS TIME - ASD 472 NOZZLE : 


ee 
EP abl iN e 


pee 


vf 


cad gar 
fa 


9D caverns tian p Dm emt at hain es ai ht ciel oe Ti ee ee eet EE, aes ete Be aig. saree et es ssa e 
; 
ro t ¢ 
; we 7 
ae ‘ 
ma | 
| Re i. 
i, Bt i 
+ we q ¥ 
a ee . 
oe “ASD 473 NOZZLE , 
2 I 40.9% RESIN CONTENT _ ; 
: : C100-48 .REFRASIL ‘CLOTH |' : 
it eat HY B2353-42 RESIN ' 
ee I ~ 300 
| , i] 
! el, 
| © w 
it Sas = a. 
f ‘ i od ene 
es 5 : 
F 2 200) 
Ta ‘ 
f 
| : = a Sesecanenee 20 Fann: 
| o aa ry San sade ns: cedeaseeseteescreres seers 


bad nenas 

Pera 3 
ie : 
Gee? 


TIME (SEC) 


R14166 U 


| | 


FIGURE 129. CHAMBER PRESSURE VERSUS TIME - ASD 473 NOZZLE 


cn] 


Shas SSR ce IEE Rati “er 
Pa ar 


abn an etek a 


4 


_ 
| 
| 


193 


kik ay an eden 
Silane da Lanctoratstomnie 


AR etn 


' 
' 
f 
> 
* 
tye “4 
> Mi ria Oe esa 


SET Rae ee GR me Re ee ee ent 


hike 
wie Se 


. 
ny 
Brame ve 
ath o> 
At Ste § 


Oe AURA Ma I Sy 


. 
2 aS 
hte 


nati ass tote 


' 


ome 
Eee al 
ty 


Bape Tae ere ee re yt 


400 SERED nneeevannetttess 1 SD 475: NOZZLE : : : 
f H 42.1% RESIN. CONTENT . 
: HWCA GRAPHITE CLOTH COATED’ 
i er ‘WITH 0.010 INCH OF 2 
‘Hi HH _ PYROLYTIC -GRAPHITE , 
# Ha R120. PHENOLIC “3 
4 Hy : 
- ; 
an . : 
a t 
be A 
ta. ‘4 
5 
2 200-8 ; 
fe : 
a0) : 
: 
) © x60! 
| | 
% 


0 ~ 20 "40 60 80 ~ 100 — 120 


tere 


TIME (SEC) - 
R14185 U | 


FIGURE 130. CHAMBER PRESSURE VERSUS TIME - ASD 475 NOZZLE “A 


a 


+, 
> 


er 


v 


Dna erie oy a 


4 x x hy 
nara ci’ 


re 


memati! 


Meee 28 


RETR TLE 


% 


1 2 


wee 


ARONA 
Pa aes 


a 


SS a eg ere 


PERG SE ON NR ANETID Sands gangs = 


lamas) 
4 . 


i sis Aiiaesentiag ie Eitaate alia 


ieee perenne 


i 
| 
| 


Te RCN RTE 


ng 


OES BE, 


es | 
CHAMBER PRESSURE (psia) 


oe ¢ al 497 
AO nay wee 


Sono Rin Be EK SABE. 9) MEER elie eo mee re et ong : 
: SR RR a A TM ETT a Ra OS Sat na pen ee meee we amg Ka 


400, serie HTASD G76 NOUE 
42.1% RESIN CONTENT 
EWCA GRAPHITE ‘CLOTH | 
COATED WITH 0.015 INCH- 
OF PYROLYTIC GRAPHITE, 
R120 PHENOLIC 


300 3 SQ FOURS bOURS FE Edt SAE ES PUREE ASSES SeteE ‘ 
Sree eatet 


seu snees 4 9095058008 2080e 
a rit 


on: oe 
OSN4 BOERS DEREE DEED: 
rr 


os 2enha s: 


100° 


: TIME (SEC) 
R14182 U 


FIGURE 131. CHAMBER PRESSURE VERSUS TIME - ASD 476 NOZZLE 


"195 


oe 


Re 


cere cadena an Tires santana te mee se nannlRe Ae ae gsc RAN cE NitbeAshe Cate NN in cane | fie we detntenn eh Pe 


2 > : 


a ad ol 


® 


Pa 


Woe FP ef Ga a 1s 5 


eee 


Tame as 


ay 


o 


CHAMBER PRESSURE (psia) 


HASD 477 NOZZLE. _ 

H.42.1% RESIN CONTENT 

Ht WCA GRAPHITE CLOTH’ IMPREG- 
NATED WITH R120 PHENOLIC 

Hit RESIN (TOTAL GRAPHITIZED) 

HEH R120 PHENOLIC 


se 
Eettecearsereeges 
aese wean 


200. 


ae De: 


ain 


eit fants 


Hott 
aaccouene 
SSnasescaseesoncs 


nee R14181 U 


FIGURE 132. CHAMBER PRESSURE VERSUS TIME - ASD 477 NOZZLE 


Ae 


Oe at. ENE 


HN peat tte fi aT 


ee emt nape ne aemvattitemete cathe 


w 


ee | . | 


: 
borer 2 * io TE a es sg 

7 Re si em tte ne me ee . ee ns z SaeeeAaee 

B, APS eS ees cee ee hehe. hE a a Puig Se ity te EE peter ead a ta ON 


885 


ang 


4 

y 

4 “ - 

4 - : 

a - 

a aa 

y 
f 
, 
: 


sd 

at 
Fel 

3 
ra. 1 ‘ 
ae 


AARNE een ate oy Pelee nl 


a Saas 
> 
oS 
Oo 


42.1% RESIN CONTENT 
WCA GRAPHITE CLOTH 
IMPREGNATED WITH _ 
JETKOTE. X-8 FURFURYL 


pio eg 


ae 


Yo 
‘pares 
a 


POEL TE 
Pate 


ca : RESIN ae 5 
oe Ri20 PHENOLIC RESIN R 
a Feeefeeeete + ‘ 
: C) , \ 
° ot i 
i’ or i 
oa ba a, : 
‘ ie = ' 
4 : | 
Wy on nn 5 
tks i 200 r 
one a4 i 
i= & : 
z : 

7. seestagesspessenscocsrcceceres 7 

' Oo 100 ss tSuescocee ptt tee 

ae FE : eee Sosescuged coves esses sesseei tse y 


oye os 


sesee b: Pe +4 
Se -o-4-9-4-4-4-4 a 
-+44-4-4-4-4-4-4 +4 85802 FOSS DES: 
SHOE POCUeRHOeEDHTSS Renae REGAE sees aRgecesay 


= 


rE RE ie Pn a PR 


TIME (SEC): 
R14175 U 


fantheneinalinte 


FIGURE 133. CHAMBER PRESSURE VERSUS TIME - ASD 478 NOZZLE 


197 


yee 


i 
j 


$ 
Doge ax 
“t 
~ 
> Bi 
# ob 
bP 
oa a] 
> 
a oo 


cs Ee ra fot 


crn 
con 


a 


og) 


oma 
vdeo att 


fc 


TEMP 


% 
ry 


Mo ARES 


tiic9 


au! 


Ces 
ants ne pits 


% Aa 


¢ 


Cape este Rechte! sees ThDOOMG SY, 


ri 
| 


Be Ween = 
a ‘ SRE RS Fae 


ae 


2. 
ef 


6 Sap tae ce 
Sian his 


a ae 


fae 


ae 
or 


na antagae ss ne aprmage ee 


tener stl Derratitte rete Gunmen oe ey 


ye 
A 


el Te tid fel ~ ee 7s 
fi wt 2 4. 
AeesttRictin nents alesis tonne eather, spent 


AR, apg 8h ~ Me 
. a ae 


400¢ yanaesdeneeaees ~ r +" ° sayeees Saeed beens c- at . : 
§ iestiteseserens tretetsr Presta tn? THEE G2 «1% RESIN CONTENT 
: Sonpeces se seszess WCA GRAPHITE CLOTH =} 
i IMPREGNATED LTV+X22 


one scene ee eye ‘ 
Qrenasanes tH 4 s ee t 
eeuee seeee rf 
“1 1-4-9-0-1-9-4-4-4-4 
SSeS { 
Fo-p-a-h-4-3--4-] seees a 
sHese 


if 


2004 = eee panne) - ions eet H sseceses was 


Reset sapes 


: a sesstieice® pret se 5 potest 
opens snene 


oneness 


Sausonss saves 
sivasresa sess fete 


CHAMBER PRESSURE. (psia) 


100 ee iiss 


He 


TIME (SEC) 
R14174 U 


FIGURE 134. CHAMBER PRESSURE VERSUS TIME - ASD 479 NOZZLE 


eo ee meen Rata fm eet em eR 


on ot 


| a a oe See a Se a oe ae 


paosih 


ime Sete land Sis 


aye 


na ee ee a rene, on Nee teen 


SAP FO t te y  e ne te  e 


piers, 
tah 


. + 


ba ac wails 
, 

angry ors 
Be a Sab bed 


“age ong see er meg” IE ARON 


ee 


ee AE 


caneuiricat 


Rane 


HHH 


ah 
tri s 
SRRKERARSRRRE Rene 


aaa 
RRURHRRARRES 


ssp 
+ Sela 


WCA ‘TOTAL .GRAPHITIZED | 
aeee 
3 
Pi 


~ GRAPHITE CLOTH 


Pott ‘R120 PHENOLIC 


42.1% RESIN CONTENT 


ceagenee 


roCeeeeeRrEE FeEEEE 


i ae 


la 
Hh 


Ht Asp 4B1 NOZZLE 


HE 


a 


aa 


pe 
7 


HE oo 


a 


sal it i rN i liek ala tla 
nate 
SARS + a ger pein cee pean ge wanees ony ce ey SE 


Coorcr 
WAR LARNER 


ii ae 
ae FESEEEEE EH i ae 


ee EERE 
HEUEEEE Ha i 


ser ae 
tT adnate 


we; inane 

Ht vaum janabe 
ue Hae 
sua 

yr 


fon ec UM 
Sian 


€ 


BS £99 53 eo 
Srna 


ee Ant Se 


en 


aun 
pene shes eanndend 


(VISd) AUNSSAYd YAGNVHO 


eon 
er 


By ES 


tg ae 
ane eh mae 


199- 


EG tea 


Be nere a bee Sa en te ar eee, ASM 


R14199 'v. 


TIME (SEGONDS) 
CHAMBER PRESSURE VERSUS TIME = ASD 481 NOZZLE 


FIGURE 135. 


8 


MIZZON: 787 GSV - SWELL SNSYIA TINSSAYd VAGNVHO “9ET TUNOLA 


igi ‘NIL 
i a ee FETEEY 
BESTEST areed ayo deed te ead tea ces reed fore [eed pare rev esta ona cba FatReraa fotierey ERPaEtr 
SEE TEE Ferteseareneeetennpeesiaes 
HTESEEEeEGez Tbe FETE a Fad aad austen eect cer teed SET | TT EERE 
CETTE EAT aE APEEeetra Passi FoeEsveaTee at UieeveaPevear bers 
|NEER CEES EESEHEEd Bis ES FRED End PE Ga A PeYd ocd Pept eeva eeu v Iced ERP Pea EGG Fearon ea Hectic 
Efey FE eazezel eet aaeeet ee eeee eect eae HH H 
AEH ESE EEES Hes Pea feed Fest esti ce pueeteeeatene Ret Sad once tedstOermeFEGaTEd eee 
ee aa 
BEER CEEL Pe SEE HEEEEe 
Sep hen 


200 


=e 


oe 


Sestersceperes 
_ 


00¢ 


Eine 


(visa) minssava waaHVHO 


gee 
ae 


ae 
cane 
‘nial 


Rie 8 ae 
Set hy a thermedigaeco ~ pe 
wa OR a te we a Wr an aot Se. 


| 
! 
ajmane nae LH t 
bet ie Poteebag eeaca: : 
| Ten eR ‘ ace PCE Pee Ee 
oo Feeive EE eEeeaE 
apt EUEEEE: ERESESEE CES aseaveststeetoveetosies 
inGidNoo NISHY 21°27 IPERSEIEELEE RETR EERIE 
R1ZZ0N 48% aSv oo 
, REE — slap Rt te anit a ER lt mann oe nee moan among ER a 


Heyer % Deus 
odie ts rn tut ae a oe “3 ae sical iss ache 5a, 
= Seduce ave 4 wee - ‘gos et as tis 2. ae 34 areak eee oot oe he oh ee tee Ene at te banknote he Sh aa sib i a a) 


Scan PAPA SRA Oe PE eee 
eS cepa or wae eS 


DEM De tw 


i 
as : a 


an arr 


ej Seg fe ot 66. 6 


es Fos 

BE z il Harter tiie aeeneiessttec aptesitheas 3 
re ne 

peas i Hae : st oe seed © 

OH *~ OOF onubabahnesannny 20 6 sre 

i Bye Te ea i Sas Te 
geo ae See Hi 

@ D4 Srivt Hr 
[se CAITR pet BT 
a ee gee : = A 
ES ar ee me 
Heian rc ga esa ee : HH. e 
ee i: 
E LE as Essen bssce 

ea ty Bue ateeraiteal 
HR ersteety Hut BoE © 
| Sei 
Se Rial aa 
FEE ee te ed ae 
Hin ee eee 
ag ena 
| 
ie eee feat le HE ffi Fe pat 

bESE Sr natae cite SEE Le ey 

(vISd) auNsSavd waanVHO 
201 


CHAMBER PRESSURE VERSUS TIME ~ ASD 485 NOZZLE 


FIGURE 137. 


aby BMGT ROE UP FR TUK HONE Ss oat a ec aies a RE RETR IETEIOGE ET ERE RSE GWT GET AR FERS Ee 8 Sola Att fakes SR oo a Co one Cee . 8 * - TR + 
ary 5 E a Ri 
ah ae eg? 1 Care ‘ ame rs Fe ay ehhh ie See Bn od st ad Spcsy <f ss 
qurty ay eres meng sea oe Say pews Peet Ex 4 .; 
‘ c 7 ; 4 wee ee —— _~~€ ee meee y en oss te 
pate Siam IC OT I SOLS SOS SNe? COED ae AE ales RR Na Se oa ales Sings Ie a : : 7 } 


MIZZON 98” GSV = AWLL SNSUSA FUNSSHYd UBGNVHD “SET aUNOTA 


1 LOevTa 


(SGNOOaS) BIL 


oO 


SOS6AStasey Co) 


ss 
Enynee 


ooT 


4 


3 
+ 


202 


abt 


002 


iy 


tf 
oben haunt dobad & bod piaw sie » 
Th er sfobeder —_ 4 fess 24 aug daee ee oly 
bythe bb apid gy te Tc QSi Reee ease 2 


es ree 
Were 
{ erage 
4a ye aye 
ages Ped btwn ys as 
¢ bye ped dpe bp a me 
ryt, 
at eS “ 
aS has 
3 


a 


vanbceb 


(VISd) SunsSaud waGNVHO 


a 


rei 


sbesseeres 4 ae og 
pon aN 4z i 
any ¥S ZOT ‘"a2z 488 NV 

RLIN G#LVOO (as2iLIHavao * 

} THEOD) WOM HLOIO aLIHavuo & 


ENGINOD NISaa 4" SY 


cc : 
FEST ah 
a a 
TUNE 
Feet 
ere 
Fr 


« 
4 pa 
. a 
~* 
a 
o rehab 24. 
4 < 
gi que 
send 
> 4 
es 88. 
if 
Re 
ree 
eet xt - 
at 


PH Cav 


Bits 
Ht 


Hibs 


i 
t 
| 
t 


Peat a Borers ae Con Se ear : ‘4 is eee . ns By Pas = ae ea Ret 
mans ee Rt age oie 10 8K teeta ay SR. AK et v7 Bim Ry dex han. 8 apie Oe indi < + iS ie, ae ‘he 
saafects ss on? adhe einen sheds Car 8 ER RPE eB 2 tote iin te aie ged 


: iit al pains ON telah OB seat a SBN OS coat a ae rE Ai: ute noe op EN OA ae 
$A ; 
it 
Loca 
Fe : 
Ste 
Page 3 
eo oe 
a » 
a 
af ; Fs 2 ees ies s$ 
nyt a i - Soan Rowe wees swan pews meres, oe wrersrss A) 
3s LP Eapeees HEHEIH aerial aa = . 
: Se. i it 2S RE + in ? 
is ee 3 Bs =aae ~ = 
Dy . B . aw a P 
Ee pe ere > ae iene 
fe g BE re ry Rene ReaR 
be B “560 nee PH © 
: rol + ormor sores maenkwes Eh) 
: 2 °5 es PH net 7 
7 os. et O iy 
y ae Eds] ms hy 
E 8 H ata HO ears tr asus hoo 
: é & 5 Et ree rrrn wee 
if i FS eM sake eR i: fi 
=, Ee tia pe S522 uxee 
Ea Se + gg & paee pens Ranmanea ne: oO 
fe Ate ? an 2: ath eth sd 
PS pee $90 <3 anne eases 
af try Beau cEes 
Seuieerysesrecis 
* aExR naenenen 


; 
i 
i 
i 
i 
0 


ape , tt 
Rs Raw 
Pry a 
eure. 


erurnssned fereensserescereterseazered 


teow < 
% a ee 
a ee 


“~~ 
fa 
Q 
B=) 
3 
ae BH eH ee eeaanns penn naa enue Saeawen anaes (a0) on 
F abestesezerstesstaatesstetateestessecestess bd tw 
be Sune kaaee: SRUMBAES HRNSRNXS CARR EARNS RE HERE 
p Titipigciititetthistdiccdiitittttytt ttt tt 
2 xd oe ee rit tat 4 
is i ¥ 
a iw 
2 > 
2: He erbeee RSReeseeguneauacsnuase Pete tt 
. qaauuasnn RUSS NERS EERE E SRSas RERREEES? 
pn PtH san He Pd ane REe 
4 sean: sae wt 
. an oe OD Perec 


aaa SURARERS Sraniertoesaie Se iene cee, 
SERRE NCR ES 


sSErteE angniie asscusseresteespers 


Ll . 
WasaReeE 2 RACE CR SE NNN RAT SAE NTE SSS PASE SAE SANS EEE eRe: 
HH Het RRRSHESEE SORESRWERUSEGSRSUSRESERESESRERES H 
py ae St BREREEZE: ERR RR ERAT KUALA RARALA RAGA RAR SRNR 
URAREAKA SRSA RAHA MAAK SASS RAAACSSK URNA HEC RANA RSRE REREAD: 


SGunnuss ShuQeRRe GUUSUNRE EOESCSRERRESREEEGERGEES ‘) <2~ bet +] Lei 
sume ance SREKKE . AER ERED BH 


ae, 


7 
3. 


o% 
Be Rea eS 


CHAMBER PRESSURE VERSUS TIME - ASD 487 NOZZLE 


meee Herre tT 
Itittti wit ttt tiie ee or} 
a 28 rT 34 ed 


i SUN RARE ERE AES ER 

ye seus SUK RANSGEES REERS Bay SEER RRESRESEST.ANSESUEEES eapuns 

* =a ceaneeuankGunvngunsas SRERSRESERE 

. RUWE ERE ARSRRARE SERA ETA EEY. (EER EES i 

nek tH beh Sr a BaEnue 'O 

rine hs cunecuaeuee ret ta patefnpetnt ope oY -Su AURA RARNAESS N A 
~ BUS RRRS oor Sas {7 SRERExEES Ra RRR t 
at Hat Lan bei # SEBREUEERRERARRS 

s- Beet 

a ce Se eee cel  Seeheee Rene name Quan EEE: ) 

Ps betta 4 

4 


7 oO 


a Oe RR iw EH eg 


SER eeeE RwER 
enieatig an 
ag 
BEURAEREREERE RERwEE 


H+} an SERRE UTASRARERBEE EE 
POPE LCL tht i db defad dababer wdcbeledoabebed fa) 


FIGURE 139. 


ce MRS 


0 
36 
350} 

50 
150 
100 } 


N N 


(VISd) auNSSaYd wzaNVHO 


eo 


RE wg 
Matammnnnatls tiRicneretemne armani See 


bolcaheer 


ph snaon pei Stirs es 


203 


> 
, 
? 
x 
} 
i 
! 
£ 
B 
. 
' 
£ 


Ks » 
Saisie Sty 


. 
. 
ests 


re. 


. 
oe 


2 Peet te, 38 - - 
Ae Re BF ag nee aon EPOt rh) eter eon ee CaS ee Se! ee : = a 
BY e a ° oo Cie ew Soe 
is: 3 
Ke ; Pas 
ag 
"abe ra 
Bo & : 
#s me 
4. 
ee as 
aa eae 
|e, aes 4 raat a 
a wy > oe 
ke BE ecrasnsasee x 7s 
“ey TtttT} 
*, Bs crits «fp a 
1g? © += rt 
[£ é be ~ 43 ta 
i? Eek s ss 
| RS LBO< : 
| 2% I 0.38 4 pow 
iQRonN Biiets 3 
- 28 on, apineton 
: "Ss S46 ‘ 3 
: {4 03 ‘ha: 5 
nN 4 
7 ET fat ond wt 
Bae 
Bo id ag 
ol gaa Seaas puss! cas p 4 
atG o& “a: Het tte ~ ; 


SMU TARS he 
rR 
aye: 


TIME (SECONDS) 


bt $-t¢1 
¥ pad 
FEaxa new Hi 
rriyvristitint tele t tiie t tit 
ew! ri 


43 
Li) eysucKuaues pases SORRETeS CREE od 
s Rupes. SAUNTAKVERTEVReEKE ac onsussnsnesnauathens 
‘ tri em neg + ere 

bia eee oa Rees 

o Uesene eves Anape aS sbeebs aceen. 
oa-rew eeney rowan: wtane. rie ttt} Pett tty 


Be 
Rt 


eg guaeyruress 
HEP Heer essa 
Seu an ree Basen 

leaded 


SEONG ARSE URES SS 
CS ee 
out & cacue 3 


e 
wee 


2 
ER 
wd 
ne wn 


ae ee San 


CHAMBER ‘PRESSURE VERSUS TIME ~- ASD 488 NOZZLE 


ferats| 
At 


%. 
ae e 
je ° 
oy t 

: : . bans 

*} 3 i 

4 iad 
: i 

if ty f 

nt 


oy, 
Renae” eee 


oid 


(vISd) Sunssaud waenVvHO | 


5 


ne 


Cemeahretorweene 2 wee 
$ $ 
pac t wom gd t. 
vy 
Fron 6 ay ieht 
Seo ase as 


et nme 
. 

7 tae “pan mages 

3 2 One 


Re TRE RH RAE hee oe, SMR <ptmgpnn nts 


Fs 


Aree, 
. 


f 204 


a 


fea) 


. 
Hea % att geatn mans BNW OH ey, 
wee ety 


Fa es 


ro : Z + e a 
ter, SRR ES my rir Ae a eee RON Min Ne cee e UR Ane Le Ke ER we Meare abhetree ene SO nt 


we ee ee ee 


kan "9 


oe 


a y ! ” 


18 eg 


iy a 


Aw bees, 
ied 


axeaueeses rt 


© 
ry 
Susesegeua 
1m arer je 
4 


%s 


Ky at, 
ea 


R14203 U 


iesaeee 


ry 
me om: 


vM Oe 3 
i | 


RRenes Pen 
RVRakeusRATavaS 


REFRASIL CLOTH 'G100-48 
P-PHENYLPHENOL PHENOL 


FORMALDEHYDE 
(B2353-40) 


"40.1% RESIN CONTENT 


ee oe | 


2 Ceevnacgne atch, seen aipaeed aml pains: Hsin atin onan AE eg Nc, RES Mls amen An ote tn i nt nee on 


{<~ 3 


60 
TIME (SECONDS) 


1 
\ 
+ 
~ 
>, on 
‘ > : 
Bp ay 4 ” 
eat ; 
¥ i 
; 
: \ 
Ena 4 
°, A { 
$ feud z 


CHAMBER PRESSURE VERSUS TIME - ASD 492 NOZZLE 


aa SHEE 
Baines HY 


rm} 


FIGURE 141. 
te 


(vVISd) Sunssaad waaNVHO 


c"3 £3 


a 


~ 


£. 


Ea E> 


OPS 


HE, 


hein 
i 


vat dae, Saget py ee aga EES EA he 
ie ne fi ani lt Et Be ER EES S 
4 
t 
a 
1 
t 
' 
f 
i 


Pad 


a 


i 205 . : 


Catia 


PRS? EY Ge Spee Soe or Teer pr igs rege, te, Ee, ee mY Ue ee : EY, ma 
; SIZZON €67 GSV - BNLL SHSYAA FANSSMAd WAGNVHD °77T MUNDTA 
A 90z4TU ; 
(sanooa$) SWIL 
; OZT OTT COT 06 OL 09 0s 0” o€ 0z ) 4 
Ws 
00T 
Q 
| E ; 
Ost ; 
: A 8 
‘ ry 
: 002 & 
: Je) 
‘ HH G 
if = a 
! ts 2 | 
Ben ww i 
i 3 oo © 
; i 
aAdaHACTVHMOd 
‘IONHHd ‘IONAHd'TANGHd-d Ose 
84-0010 HLOTD TISvuaay 
INTINGO NISAY ZT “Ov 
{ ee o 00” 
; 
Eat ne Bn. Peel Pea 5 pee Se éte ns sha Poke e $ ae 7 i ee © ats Segoe d = Biren eee 2 oe E, hon. kd me Be oe aT See iy pa et a ir ar cae ta i ae a ae see 


a 
eS 


wate 


sormrsrigslnoh age Mramgqeng iter ited a ge ei aay we oye SS tains Rag 
‘S oa “4 = 
enemys eu Nts. Lintint 


Sener ein 
‘ 


Baa 


pan oe try: 


Ce ss 


8 GG Gena 


Le 


1 MICRON OF PYROLYTIC GRAPHITE 


? GRAPHITE CLOTH G-1550 COATED WITH 


37.5% RESIN CONTENT 


! 


Prt it 
cert 


ttt 
aaneus 


ee 


Pitty 

iededal 
TRACES SARS Bee 
SREUEEES 


FEEEEEE EH 
cEEEEE 


H 
4 


Babesstarapas Ht 


i 


eugaacepegessy 
SERepenege 


BRUG SHAY ED: 
sendeeaa 
2E33 
ee ere 
r} 
a SUR BSE eS 


Rani 


r Bette 


2 SA eees| 
RARER TKS SAE 
aR. 


aeanan 


snaane 
i 


60 80 100 


TIME (SECONDS) 


46 


TRLSS 

senann 
Seueyrane 
POSE ¢ 


° 


(WIsd) MISSA WAINVHD 


207 


R14201 U 


SSURE VERSUS TIME ~ ASD 494 NOZZLE 


~ 
ey 


CHAMBER PRE 


FIGURE 143. 


aitatte qth tanned tienes te 


ride Sur hank pa at Sl ee. eta ke ea 


Di tht deh ek a et 


> 
Ay 
> 


A Een ty A en le 


eae . 
ee es 
Pa 


Poet tas apt a! ns 


BY ye Reta Sot ow. 
a ee 


g 
4 ee: HH ile 
‘ pd se etn Eee 
; : sees 
3 ce ae ae He 
: fue ac eaaeteeaa fi aarendeeitat fear te a g 
y Be ita Ea 
: 2 a & STI Sue Hea 
: AD E ; fists Sueenueas 
fe tS) & ay sears r 2 
: irae Agee HE rseestbeey 
‘ Be we Late Ee 
{ & cae eer eeseereaeees erect 
’ f Sues ERE e eaunenguseegareeree 
° hs eat ea alti ° 
anni © 
gene 
a. pesetecitts 
EE SHE iti rH HH Sangee reer 
oe aan Sant Be Hun = HS 
HH Hei 
3 i iit ee 
Q 
ESE a 
Ht rae Ld 
¢ HEEEEE r] 
Earnie pee Se 
ASCERREA RS Lhabpebes waunenae tow) 
g 3 g E ° 


(VISd) BunSssavd WaaNVHO 


TIME (SECONDS) 


R14200 -U 


CHAMBER PRESSURE VERSUS TIME ~- ASD 495 NOZZLE 


FIGURE 144. 


bones 


& 
ene 


beg bes C-~ FC. Lo bw bo bt 


ter 


besa 


a Rear, 


FE IIT ER RL PERE, er i 


SIZZON 9647 GSV - SWIL SASUHA TANSSAUd USIKVHD “St TANT 


Q €lZy1u (SaNOOaS) NIL 


OLIONAHA GI~16 ‘LLO 
NOWOE~-ALIHAVEO 
E OLLAIOWAY 30 NOYOIN T HLIN GYLVOD 
OSSI-D HLOIO ALLHAVaD 
INAINOD NISHY %40°6E 


02 


HOOE 


(YISd) HansSa#ud wAGNVHO 


209 


EATERIES - aay cece ntti Be ial ae TET OR TS TT ENE EOS ET ee Res erie ene TS 


rey setemnty ron ne og Sa, Sue Pearle ames entre dertnenany Sees aa ny peers my ses 
setts > eee ead Kesey osstenedh Samreanen ani a) * * . * < * _v 4 Aas 4 ‘ + ‘a 7} 


TIZZON L6y ASV - ANIL SMSYIA AUNSSEYd YIGNVHD ‘°9HT Tuna 
Q vIeyTE (SGNO9aS) SHIL 


G 7 


aaeace 
eeeen 


at 


HH 
3 
He ine He 
t 4 je pne' 4 
. HA HH 
Hy a 
+} Ht] ae 
H3 eee Hy 
, saanes an Bm: Ls 


fuuadguensgespsses 


See EEG TREE ead Eze ety auc eaetee Geer epee eT 


(VISd) Zunssaud waaNvHO 


sesseneescssestraet peor 
Site Etcccgasee te teseisEsee 
OMIONDHd I-16 ‘ILO 
‘NOWOL~ALINAVUO : 
{ OLLATOUAA JO NOWOIN 1 HITM 
{ aLVCo OSST~9. HLOID ALTHaVaD 


22d hoensbsenn CeuSEREES: 
eo 4 hin dttto thd tet tke) 


~ » 
or 
+ STF eee tiene Neath an meng hg A 


wee er Re ea gE geet, om pene F 
MS sath Sie fet ent Batis 3k pee tn siete riemtctea ts 
PBrtres's witb nldee vie dite t ain ediratas aicaat % 


aiek namie 


ie 


Ko 


Ne 


: 


a 


Starner che 


SIZZON 864 ASV - 


Q vltyte 


. t OVTONAHa 5-16 ILO 
‘+-8%7-0019 HLOIO ‘T1svuday 


oS 


INEINOD NISaU a 8€ 


we MAS 7g 2 


ae zeveet ey Sook ‘ spfieecs Bilis Seectbse Tie PS he! Seri Sc etatae gener e De Medea 


Sa ictaair aan 


DIL SHSYAA AWNSSAad UAANVHD °27T FUNoLA 


(SGNOOZS) ARIL ; 


211 


(vISd) ZaNSSaud YAGNVHO 


LXp tee 


SE aT Nn NY SCLIN ALLA nN ee Sap a ten ae melee - 


RVR ree a et ee Apart ete ee ee 


B 21 2 
od : - 
ti H : 
ae} re % 
a : 
RFR ; ee 
‘ e ; ; 
iL, u 
be = 
£o . 
cy a 
=) i F 
: j 
ad 


PONS PTH 


e ageses r = il ‘ 
BF. sakeaee. wn sh 
, aera = : 
: it be 4 oe Bide teyeaess pooper 4 > ] 

Ae ow: HH ae 7 see : cae 

oes pert de SEreEEs Ba sas ae id 
E HH sbeb fravarsenstetsites HH < 
Be F, esen wou gi 
K | 558 eve N : 
- iets iiss z | 
Pe ei z 
4 } apgeres s+ “] 
oN hit . 4 
2) a a s) 

RARe 

z i = 
Ee 7 
bi fl ws 
Ef Sivegseesasens ae ‘i 
; i Sessredssses B 2 “4 

# 

i 8 Ei . 
; ett seageezezere (uetens tenet certs a 
yg re ut a HE, aetna — g 
 ¢ PEER Ri ; 
a EEE ee eitssudd apetrnatsncgsaty? a oa 4 
t HE eae 
ae : ie 
a a | peter ats Ett : - 
E at ae see sesesse ean focessssaseesste 
i | Hite sipes BH sn : ro i 
ee Fi Ert pacress tives H ° 
ES geen tie 3 @ 
tf ssteces i a 
$n ozatt 
oO 
seat inesessengace 
(vIsd) BuNnSSaud UaGNVHO 
' 
212 
| 


fale Ei 
BEE . — Bt 


cee [oe 


ttt) + Hts} 


ons az a n>" 2 =e are: & 7 
Bo oe Fas PS Tea ate Tea ies EO alg ay ok Bak en ots wee la UD ooh ee eS Pag Seeley olga x San oe . 
\ om ' a 
ie | 
tS 4 
Bee, . 
& ££ : 
ag ‘ 
ee 
Bees : 
‘se 3 morttiettetti tit ? ‘ 
om 3 Gaped cecatetess iat a 
Ca ps 3 * H ete eeaseet peretts 2 
I “— | pa i 
g. E 5 45 HH seneye ne m% fe | ' 
3”? oO +h 5 N | 
8 . om Za + N H 
en OS F + 3 i 
Ee %, Li y { 
: 50" ‘1 Goo eee: tr SH cenreiiseess as } i 
ie - Ame reeteeteeteetereiee 2 
ed tt ous owe } 
gx Ried as peere ag i 
ns , rr sauwe ' 
: Be ete HE ites a 
: so amnees » 
° Se ie = g | 
s o OO: H Pease srs Be: ‘ 
¢ . tH Sessa isa] i 
2 tH ore Suewsusasens! Fa} : 
4 Svere Seaens Rees: t 
. geuecssansusons a t 
Beet aBes BER: i 
a teens “” ' 
- a a 
t i=) Fs 
6 > 
(o] 
a e 
ix 
3 & 
n 
segueseres w 
5 yeuss eens ennseonswsecess a = 
i 1344-4-5 seuegressa 
easaeree sd ie 
4 
Figestvss: Fesecscsrseereseeeat 
i eitussi paceseseas 
oO 


aap 
Hee 


a 


fia suecce 


rer 


Le 


FIGURE 149. 


HE 
FH 
Be 


Htateg Site 


semrest ae serie iH = a 
itt 


Fal 
ial 


2 8 


> 


L 
Hi] 


HH 
iii 
HH 


(VISd) JUNSST¥d WAINVHO 


See Oa reheat Sys ae tan ht ng ye este: = 
ge SS ee as 


213 


yOUSTEF 
ADAIR RCT RST RE TOMI RCT. CAE NE gy ORE, 
banter th nonce  eatitinatns © oP tree tearm ne 


AE ne I te See ne eye eee en te hae 2) 


ae 
fa? ye” 


. at ad 


genes 
acd 


. Bere 
we Mag! cai at 
: aN 


z 


goo 
ian 


ae iS 
et . = 
‘ oO rs} Pst 3 3 A 
. pRB z 
: PEEL 
*, to Aa 
e Bon < a Soessanens, 5 
om >64 Besressesuassens N 
é OHN as .e N 
33 : Fs FI mo a 
: ge biel S 
: bof BAS°o aaeee wn 
: [=] G ae: poi Qa 
™ it a pe HF ae rene 
ee Ele g 
eal [o) 
& SS88s ' 
: Sigetasgpesseasee g 
aaees HH on iad 
<r cwsene 2 ey 
' are, 
EIEEE ats ee Sheetal a 2 
: Oo 
: res 25] 
‘ 7) > 
: ww 
' fx 
ft ee - 
‘i parece Satire a & 
‘ sedetstassareatats ooo ee ee ssc? Hf 
= eae caeen sees seeeest | 
ae neqen Qu 
Li eee tid 
SEARS ta fe P 
m4 gee ineceaaeues rs} 
> 
ia Z 
x 
. ise aaa Bocna onaseccooess, oO 
i , Pett wh 
" Ce | 
‘ - 
( E 
i 
4 


(¥VISd) 3unssadd wAgNVHO 


"TREE EI aso 


ae ae 


Br torcer 


vitae 
P etn name Hae ramcete ow me 


NC AAC SO ag IN REE RD Se REE MOTE ETERS ae SSB AA NGI Sk Reb ag A eee lo TD even gy abo 


HIZZON ZOS GSV - BILL SMSYIA AANSSAYd AIGNWHO ‘IST suNoTd 
AR Cte7iy (SQNODUS) FRIL 
us 08 
Re eee at 
: 
FSe a 
— tg ny 
as aH wo 
Soa Si paet S 
A 
13 
. ty 
: 1 3 
| oTIONTHa G1-16 ‘ILD NOWOE = st 
. -ALIHAVaD OILAIOUAT 40 1 bs 


SNOYOIN $°2 HLIM agivoo = 


' 


* 


BOIS SEA Can a ae ate eV mg ime: Se ads 


| 


* 7 . % . 
re Yt Be ow er HI ee BE +o : n ReGen 7 S 4 Roeser Varo th 
Fo Ge, = Pe OS Be zis 6S He te Kee LRT Reo, . Ree MW ek: de Seog bokeh ee : 
~ ‘é ‘ ge Oy . eee eee a PRE ae 
Abc Rvras wtutaet ate! ote th OY 4 Co | ee ee A a EE A A Deere axhce 5, AS ete At oe eS RS ane pe oe ae Ss » 


es HOM NEE A DFE A oS OREO" fg WBSETET OE SEAT 5 STR TR ra ea PIC ian: Sn Re NOI Salah aR a Sa 
Te by Vas PERNT EY Niclas Se «Benen Fanon aesbinnted eae Ca las SO RAE esis leecey, Pee cee re Bt, i a oe Faery” e Mesto 8 a oP 6 Tie ads LESS ee ee uy Aha veh 
Sais 


Taner 


ONAN ‘ene’ Boy aia rie kee ee oR RECS Loeb 


afl 


ee PERN ME 


, TIZZON €0S ASV ~ ANIL SNSYAA AWNSSTad MSENVHD ‘ZSTt ands 


Pe QIZy1U 
(SQNOOSS) SWIL 


eae ee 


| 


ne 


a 


216 


et 


| a 
he a | He i ae 


} H 
| He ie 
: ae 


a _ BL 
7 i a He 
Ht i | 


rity 


tt 

stir 

3 s 
asrestiesey 


(WISd) ZUNSSAYd WASNVHO 


Spasnee 
Pan} 


Biswg see 


setters 


Pity 


Bat 


ca wesns eee: 
tatin 


Szenavexan se 
pe 

fy 

te 


7 sain mate LD F 
33 | Guvisisau-notavarxo) £ 
\ OZ91SS HLOTO Nogayo # 

INTINOD NIST ZL‘6E 


baz 


See 


ny 


aapeeeue 


aeteneeecifesrt 
tH 
scene 


‘ ; 1 
i 


| 7 | 


Mean Cathy Ge clap Moe AC Rate Maan Whe eae Meds Bruishen acme SARs memarmatieretenn DSK hie AA tNeNe Venting Mr reasietheN ee. are ie tnt f Engh com psi edn APE Witham Seaneettrnmee, ana coeine iets > mr nr ety ee ne ea ani Pat haat aelale tft 
: ‘ Sore ac ce a $s 
Bs Ate ae ha 


men 


ne afore 


5 


4x! 


area 
eee 
LS NAP WOR Sa Deere. 


You 


& 7 ote Spies 


Cgtiatante reste eg PD 


Ww 


tip to ae unce ae 


ee 


ee 


c 


= ait 


“ 


CARBON CLOTH SS1620 


Lt rH ae 
sagantere 
aseasenes 

uevAEes tee 


gee 
Sines: 


(OXIDATION-RESISTANT) 
CTL 91-LD PHENOLIC 4 


5 
rs) 
5 
wa 
ps 
re 
ve 
$ 


sf 
sav. 25 388 nae 
an ihansgrcodseseseeses 
Seeee reves 


nes ait feria 


een epyss svage rit hs 
Heat, 
te 


: Heaeneeeanstaa 


(yISd) wunssaud waIaNvHO 


217 


Sarena! 


R14219 VU 


TIME (SECONDS) 


CHAMBER PRESSURE VERSUS TIME ~ ASD 504 NOZZLE 


FIGURE 153. 


eee 
15 be? Eat he eT URES seth 


mace 


tae 


SRR oS 


WTIZZON SOS SV - SNIL SNSSAA AYASSAYd UGMAVHO “VST BundIa 


| (spuosds) SNIL 


Oot 


a re 
eonsae 


002 


8 


Ravgversre 
eS RwrRs we 


2 


(etsd) guNssaud WIgNVHOD 
a 


OLIONAHA GI- 
HLOI9 BLIHAVYD OSST-9 : : 
INZINOD NSIS 49°74! ease suanssenencs: HH oo 


emanate ta, 


OS Sa 


vrs GMs, Fe, 
a aan 
o 


pant 


A parce Rete Ronee ry 
Renate eT tot 


poswbscieN Dn ys 


SEES SERRE AIS oe SEU ray ENS PETER PERRET ee 
FES ee ae ee ee a Be BE eine OPE 
tow! beg 
« 2 ny 5 - ane aS cay > Ew: 
‘ rc ee : “s pict eet ro eS sae Yo Re XY, . ra, 
nS BS SP Uy 2 So 24 4 os Fae Oe te se oe ty ee a ys nig Oe. 
aie | ee ay a Rog * Geae a Sea : 


= wx FE a aes 
¥ eae See ee mie: ahs 2 
Ww - &. a 2 rar woiat ¥ 3 ie " Nhe 3 : 


t 


ie ie 
zi Saausbandis zt i HE r+ a Heat gts 
btit dart thee i es caus wan 
Sores: 7 ot anetese: oud Pere: ore 
i C - | APRIL EEE 
ep sbasi 3 * 
was it i 


= 
Sa 
ah 
Bae 
ee 
= 
as 
al 
Re 
ay 

pete 


Fp pe 


ca 


se6ug 


. 
= =| Buzts BSeses 


saseccdbeekids 2 


Saati LS 
Le create cA RS Ve 
| 
eee 
fui HT CT aay 
Hae | 
ee 
|. 
EEE HEHE ee HHH STE | THEE rE rite Tea 


Eileen eedeeesitel ae Hi ; 
ce a s = 


hen 


on HT 


(etsd) auNSSaYd WIENVHO 


400 
0 
0 

100 


219 


ae IR at a malonate staat Any ping ne ee 


FOOUS5SS 


TIME (seconds) 


CHAMBER PRESSURE VERSUS TIME - ASD 507 NOZZLE 


FIGURE i155, 


i 
aeORD Ranta Dena teats sap abr etiesabptesspeehncen imi, hates en Re ee en eae ne 


i UE Re Pe ~. ae | 


1 


SIZZON GOS GS¥Y - ANIL SNSUSA TUNSSANd VAGNVHO “9ST FARA 


Nh Of271¥ 
(SGNOOgS) SNIL 


rageeseg ists 


sie 


ae Sekes 


. 


aa : 7 
| Sess Rat fae 2 
ak Sota Es HH rH] ieeee # ry 2 ; 
| 2 | a ee Hl e " ! 
| ag cine EEE | 
is HES HEH aie 
. Es Biss: HE Be gE 3 
1B i é 
: & 
AQISNI ¥S-3H NV HLIM S4 
' (qazILTHavad TWIOL) = = = 
, Vom HOI) aLIHEVAO ‘= st 
ii 
4 
s g 
Been a Seen OR OB Bo SRR Ee BRN a ee Ng ee aU dat OT GIT RE a abeeeig Ste ae. 
fe 8@. a. 2 ae eee gern 


aati 


eT RT 


Ke "6 > pe Ge Vale a an as ae tae ae EES OR A ERIE RS TE ONE RO IMENT SEIT RE TLE TPO eS TORTS TR EER 

s i unaee 2 7 
yo : : 2 > F Bend = 
eg See Bape jumeinte os 
fey, aon = Ho a Petits see s! 4 ro N 

§ 8: Geese, | 

a: cos gti 
— eg at ot os BB Ee Een seat Sa < 
5, i Bo BBE oe pes bagel tosed REAE? Erde sosestases st 
2 Ete s ee r = g 
7 Rehr ese a 
= a oes ae 
: fe eee cali 62g 
gq Cee. § 

tt ies amu EER, 

A | eee ESR MGEEE = Bg 

§ oe Si een , 

bg . 
7 in Breeder? 3 
7: TEs ae Ea ENTHaIRL| : 
Po = oe : 

| a : 

a ° r=} a = Ho 

e | $ 8 g 2 

a (visa) aunsSayd WaaMVHO 

Be! 221 

ai 

Bil z 

Es Fe ge ee ea 


oe a ne 
| aggre Ree yore 
t 


“a 


ay DE P oF 
Ex ier ee 4 
PE FEE aiteren Spe St Mote a “ppeetein. pene Pree ane ee 8 ee a 


TR tn et ee ee ee 


Pr 


ag 
adver 


Ye 
Oat. 


SY RT 

a es 
ote 
ceeere, 


cad 
Ses f i 

“a 
a ui 
Le : 
ee a 
a a i 
se Ges 
ae 


“ey 
aa 


(od 


Ri4217 y 
wi 


pre 
vane 


Saeed 


se Og 


x Seay 
ess ise cy Feat 
ed : 


GRAPHITE CLOTH WCA 
COATED WITH 0.030 INCE: 
HOF PYROLYTIC GRAPHITE 
FF R120 PHENOLIC 


: oo gsr yi BSG 
(TOTAL GRAPHITIZED) 


Ht 42.1% RESIN CONTENT 


Bes: 


tea at a 


Sass 
Ome! 


ceesbose 
a eenpeonene 
pertersssat ati 
ekebsts Hae ae 


ealance A ae a 
eo 


area: ete | Een 
aaa ene 


See : ie ritel| 


egestas 


TIME (SECONDS) 
CHAMBER PRESSURE VERSUS TIME - ASD 515 NOZZLE 


HEHE ensaonere: fea HTH arti 
sGnsesezerarsces Sane Hatth oe ieesti 
et He v 


FIGURE 158. 
ene 


sunesuseesis 
Saanuwepencwecc to 


(VISd) SunSssadd UsaNVHO co 


inna enenemanaaaemaanaeaememnnmiemineneemntemmttmiane aiierdnananae amit is cere eS, Ce 
re eu rT rh r 
+H ane oe H rT az . 
HH HEE 5 
} Pe 2 rt se = s: 
rigiii 
HH 
H+ 
ese 


222 "7 . 


2 ke SpE ee ee 


yr sen 
Te. wa 


* 
s 


eae) 


+ Age : 
+ 2 4,585 


ah 


SaBY Bg 


BY ABH ay VOY He 


Ng i ad 

a oe or 

4 a 

| Es g 8 

4 gp & 8: a 6N 
4 Oo wm Q 

x i o i} = = g 

. Fa pel a > er teat ix) 

oo On 2-R oe eer board rt 

a) Caoanee| pasteles i . 

: 8% imate z a 

: 78 3 siete a F: 

* s e i seone ¢ 

. om eee ca 

io a A 

$y : &4 

z 

ao ea ¥ 

2 > 

oo Z 

< BETS AR EE i ~ 4 

‘ Tt eet Ay 

ke [Et ee eeoae _ 

-) ne 

on Se oe te ae 

s Se Hin etn eee posal aL Wea Z 

“ Banu 2 3 


eee 


ts 
nc 


or oa a 
2 dy ee 3 
; PERT a g 


eh 


(ue 
taal ea aaa age 


ood 
~ 


ore: in eee 


ee ie 


(vISd) FUNSSAYd WAENVHO 


<3: 


Te oS RR OMETAEET ye 


or at 
— 

aay 

ae 


a 
i 
i 


: 
| 
} 
t 
i 
i 
j 
} 
} 

j 
4 
} 
{ 


U 
l 


223 


TIZZON L1¢ ASV - SAIL SASUAA TINSSAYd UIGNVHO “O91 FUNDA 
HtYld 
(SGNO0SS) SAIL 
at oot 


oe ae cece i 


224 


44002 


moe a 

te EeT fie Ee a Salar ane 

el Bea ae 

Ett at SM Se eT ta HEE Fa eH Sea srt 

© eae ae cae a Sa He 
EH eae 


(VISd) AYNSSINd YAGNVHO 


OOE 


a ist! 
fii fesritasis ooY 


ears 
aera 
ned 
Ti 
ae 
. 
id 
ae: 
ito 
Hite 


| @¥-O0TD HLOID TIsvasay 
INBINOD NIST ZS" OY HEE UCHR EE TSRERCEEEI reez eee EEE 


Seecwns 


ae = ss 


Pas iy 


73 


es 


we ee cng te ge re 
a ES i a a ae 


—4 a 


or ie RENE ee ee er ent he * yew EK gene oo en 7 


(= oS es 


tok Oho CE 


foe onl IH ORE ERS 


ee: on en 


: i 43.6% RESIN CONTENT 


RA CS leg en Sy te OEE ama tn 


120 


a8 
retry 
Sannns 


3 


Ea tl rg ee i 

. 

ee See ea 

eet Sra Esa 
fd lg eee nn 


Hi 3 


100 


a qa 
eH HUE 


becsd czas fas 
EEE Be 


on 
aut 


+ t+} zee 
iz i fey 
ie if: 


GLASS CLOTH STYLE 181, 


A1100 FINISH 


AFL51 RESIN 


80 


3 tsjetesed epesaeses 
HH tt 
sousensans 


iu rrHett tr 
cones pte 5S 


60 


eer 


te 


cues eat hiel 


| as 


il ete 
HRN Tae i carte testeaehs 
| et agen ane 


“40 


ee 
ee ce, 


ttt or a el 
sen 


(¥ISd) BYNSSAYd YAGNVHO 


225 


| 
| 
| 
: 
| 
| 
| 
| 
| 
| 
! 


R14223 U 


TIME (SECONDS) 


CHAMBER PRESSURE VERSUS TIME ~- ASD 518 NOZZLE 


FIGURE lol. 


5 
casei 0s 


a 


ee, 


HY 
Ao 


paaetaceonk hh 


as 
S t 
wh 
a8 nN 4 
wt . ‘ 
ast ret ma 2 
4 2 ett: a 
Bit 4 
BO Tei 
: a : 
i490 senesbe N $: 
: Set sepa 9 
Sanwe rae 7 
: gg BSE 
Fs woness oy 4 
B io eaenes ws ’ 
Fs ice mefetnats Q et 
| we secon SuSE 2 
bi ae id Sea i : 
“ Be ‘i 
ad 
Pe Pa a 
-_ “~ a ‘ 
v a w 
a ++ t ro) Oy ae 
‘" ett tte see setter 2 Saree ss 3 % 
a @ a ae. s 
e Sey eSbrsettsesss: 7) > . 
4 saresaysaettseres inst v ‘ 
a Ht saree ; Ht} tit tc a 
a RESRSRERRE BY arith =I wd 
, ‘| : ae ted A 
ri saeesaeag I nt BR wn 
A rt ster peenitviettnat ¥ gceces rt ) 
He cnirdisage Bs 
Pits ee esshneus 
torts es ae 
23] 
b>) “4 
i 5 ) 
¥ 
Srinnigtes paeeeaee is et 


HEE TH 
HHH sehedus Sdbecexcet sey 
scctiaait at 


FIGURE 162. 


il HH a8 
ieee te gees sSdguescgbesctsauscean Y Fessegs: 1 
Hee ee 


* a 
rer San oman 


BS rads na sts 


(ViSd) dUNsSa¥d UAGNVHO 


3.28 


RENEE 


8 EIST ET, TE LR RIL 
s ; 
weetg twos me tle 
ec cgmratet gee oasis 
CSR ae 


a eA 
a Haret 
<j am 
i : ! ¢ 
4 4 
, A 
mt 2 % 
a i. 
wt a 
Bs | 1 q 3 
Ey ‘ as 
et 1 * 
bes 226 a . 
a A 


al 


Lg hee PTET YS 
Manas tgs in 
fic, 
falc Oi 
Shed esa 


SER ne aaleaterennineeimnartimmneetnime = 


3 
¥ 4 
4 


H 


ao 


a eee 
step, 
2 2 beuitias 


Ir 


TIZZON OCS GSY - AWIL SNSYAA FJUNSSAUd YAGNVHO “C91 AUNdTA 


1 2tzZy1y 
(SGNOO0ZS) SWIL 


| CHE Te 7 
: Hey ae i 


! | ATTIRE RU Bea 
TGR nee 
Eee 
EEE 
HH 


ieee 
pee eres 
‘ 


Fe Be 
7 


2 


ie 
ze 7 ee 
ord wanes x 
ates pee ‘ 
wees 

teheaet 
a@iee +e 
Site : 


e 
as 
rt 


2 


nd 


. 
Leired SERRE 

; TRIER BEN 

‘ eee Sea 
(ig-eseza) 008 OL te wa H 
L {Cle BYHOgY) SR NA 08 


; 84-0010 HIOIO Trsvuamy ft 
| INZINOS NISTY YE ‘Ov 


Hy HHE dq 


Saga! 


we: 


3 
a : 
Ts 

a 


+ 
t+ 
(VISd) HUNSSzYd YAGNVHO 


i 


EER 


HE 


Her 
ee 
He 


ST ae Ae ine ide tet tnt me Rn 


bear? 


gO ee ee ee see 


~ a 
a By Os wh Mo ao = . ot oe to. ’ * PaD et . vote - ~ Sener se me cr eres sree “ 
sie Blo. Mat eV OTA See Be eee, 7 a4 tas wae oF 6 eho a a Oe es 2 6 ei eee ee ee 0 OED LR. CET OR eT 

eB tA Byer BF eee tibetan fat ek gt Rf eR aba oe IgE nnn tebe BRL OrLg hee eat Ag Att gi Fe 


LR SEEN ARS vethtan i tA ep fata tae atte sentee ene Lents “Sor Bost 2 Dare ee eat ie gt pS Pie he teed Boe wo 2 opt gee S tet eine akon tks me tes ign EY Seto 


594), ey BF te LSE 


ia Brannan dKeaaln, un, 


ee 


os ™ 


a: a 
ae 


Be, 


3, 


“ye 


 - * eapin oh rmenati emi ANNA naan men SY 2 ages ie Ae ep (Rieti an NR a ep mt eee 


bong 


= 
at o@ 


i 
: 
i 
& 
é 


Yi 
sepeeraesnes sans 
sepuree 


eepaiteestrabt 


&! 
was 
aves ee: es reEe' pene sures 
ekesanke wes: 29 Be HH 
tit LE sbi co 
betes Hite a 
s 


LRU RS EROES om 


o 
ry 
SSTRSKALERSAEEA 
os Rese ee eeT 
waee: 3 344444 
Skxan sane: + as 
wanes shrgrene mi a 
eB sores: 4 
ee | 


EE 


i 
H 


a 


Ha Lie t1-i5 


Bes 
rES 
Foo 
O aes 
S&H 
i 
no A 
se 


LOW ALKILINITY (SS. 1641) 
jokes 
Hee 
H BS 


os 92-LD PHENOLIC 


BETTE 4 


ee 
one 


aenes Hee taasseece 


He 
Hy 
HEH 


FH FEE 
we: 


4 
Hy 
gececsereratese 
pehes 


sense 
HEH 


Base 


Loaf 
: ee ae! 
ped se 


BEET 


Prose ce: ane 
shespescassuesssexessrert =a wanbecescss tHestirtrt 
BS RERERSHERE Ba: tere am eerie pdt het 
4 Li motes 
ene seas 


- Ey 


Henin pte 

[Hees Tee sei 

ie ie Sees 
Fae iia eee Ea ie 


[Bite ee 


(Hiniitianinins He 


sudedreseegese 
ay wususreone' tieneousceseceg 


(VISd) SUNSSA¥d WAENVHO 


i : 
Sa Ses * 


fat 


ae 
seeks abs © tle 


e3 2 ¥ SSB 


eseite awa sensing 
42° 7 u 
et SO Seca. 


SE 


2k, 


4% 
a 


R14226 U 


sagt Waica et 
Roan anenere: 8 


: 
+8 


er 


MB gh 
O55 me FASS 


zg 


% 
%, 


ae. 


secF gait ts 


wav Sdaten 


Me 


ne 


PRY 


Boe 


Pee ae 
SE eee eae 


ie Pe Le tae 


TIME (SECONDS) 
CHAMBER PRESSURE VERSUS TIME - ASD 522 NOZZLE 
co nts te, 


FIGURE 164. 


Ragin 2 
PS oes 
Oo 4k ew. St 


rane ae 
ate eee rae ft 


BER oN ata Be oe vay aa nage ae 2 z 4 ‘ Z 
Br : “ ey ES BR ee Aw at ae caret Ree ee i ee ie eer A 


roe, | nr % 
baa Me OES 


oe 


. on - 


free Gerees inta 


nuase 
eeones 4 


tt 


R14231 y 


gsrtrpesianieiiit 
4 


saisa 
Eeeeshes 


Anere I 
ree 


ty 
if 


beersere 
aati: 
HE 


re we 


eregerean 


owate 

HEH 

pest SR 

iit EEE SareThner 


tte ad poh ay 


BON SILICA FABRIC 
seas 


oie 91-LD PHENOLIC 


ft SS CENTS KETOP ERTS ES ERAS Hee: 


1.9% RESIN CONTENT 


ig 


Pes 


>? 

’ 

Fe WN teenie ee ED SHAR pee 2 a einen ant etncaemctIy Kine aan ane iE ta pen me df my mm ¥en 
‘ 


uti 


i 


~~ os: 
‘ , naw { 
ae i 
¥ Oo 
| eB 
ce I 
* * +} 2 
és Spee A 
« oe ts 
Lonp-d 
= seat 8 
fH 


: oF 
a oe 
y 1 Hest 

a ain a 

= Es ae oo 


ties pEeESeeesgesesy 
Senne beuadheane 


= HH cans 
? 


$ 

ae 
a 

eS 


CHAMBER PRESSURE VERSUS TIME - ASD 524 NOZZLE 


aane 
aE 


FIGURE 165. 


(VISd) SUNSSAYd WIGNVHO 


3 
é 


acs , S. Siem: eo 2 
a 

HO 
qrcry gee marpemmanisors neath 


229 


Boal? A eee 


ae 
73 3 
ees eu eee : 7 
: 5 S| i Hecate 4 ae 
g a : Seas i x es 
ia : tees a st 
ee cL ane oo < ; 
BaS Tatu come Hie 
| a a ae Ha ltrs er f ! 
ie Heeb | alee ey |g se @ a = 
HH HH vt Secagecasusescseudese espsee + @ H rr mz HA any 
eessties meses ree So e 
re ce Sa a 
i EGE g 8 : 
Hie i if Hee er ate Hg ! 
ip Te i Ha z | 
cf a Tag s | 
Cen oo : 
Se a ietaniiei — Hea | 
. THY aaa EE Se 8 - 
is CEE : 
f ci e 
f PA Te ‘ 


BE 
Beoe 


(VISd) BZUNSSaud WIANVHO 


é 
‘ Los 
SAY = 

%, 


Hs, ER 


RE ieee alt acral Sapa rs tinge Shteactlene ein ett ge TO te geen 
sot - ‘ oe an . ei ee 
* ¥ er 


io 


SIZZON 22S GSV¥ ~- FNL 


 6ee7Tu 


Tae 


seneenese bssstne ire 
ey 


ae 


Sere H 


Peon 
a 


PETE 


e. 


pinnae 
Le 


aa 


v 
Se 


ae ms : 
HG oe (At BESS 


SNSYIA AMSSIUd UAANVHO “L971 FWA 


(SANOOES) INIL 


Hie Hue 
i aS 
i 


p4tee b-t-4-4-4-9-4-4-4-4-4 
asnytsasee: 


zee 


ata: 


-t 


E 


ie: 


eases 
sattiscaes 
Seel<> sacaee 


ak suns bases 9 
ane 


m6 Gaeunkna: 
aapeeereaaes 
nia 


Sssacscaed ser skerece 


tti+t4 
wrod 


1 
Beustetiistss 
see 


! 
n 
, 
| 


ot i co ly SO Se | 


Sm iSie YT gee 


Lover yg TA ee 
Pee eh arene reer tereta Ty Sys Be gel ems + 


(VISd) TANSSsad WaINVHO 


feg ES} Cr] 


oe els 
Fett 


ees 


“4 


> %\ * 
oh « hed “ : 
GES see ieee. « te mh. 6 

be doles acto linee® Cee wteuta <i gach at 
ba . 
TI Aa 
% 

3 a 
; ; 

i 

Be Ui 
Sa 
3. 


te a 
sant = 
eetin at 


oe 
i 


WS em RS 
BS 


sf 

Aca 
Hoong 
EES 


< r=) fF 
% = pad tl u 
£ $ a ce 
S ; a NI mae 
¥ ° PS ce 
ES ae Qo if 
4 fej ot o os 
Be a : te 
‘ ob tes an or 
3 ine 12 a 
As Suesa 3 a 
3 mr) < ai 
: =| 
mH , 
xg - 
‘ Re EI | 
s " ‘<2 
; nr =) iar | 
: 4 A 
x oe 
- 
- 
rm) 
, gO 
; 3 ta ai 
i! a ef 
Net 
. EA a 


f aia e 
ates ae GE wn 
i i a sre = 
Litt 2 


‘ 
4 
i 
i 
E ‘ 
e . 
| 
i , 


: 


e : « 


‘ tot st © y 
Pannen Ae AA Td wh a ES a re Se oe 


se 
eres na 
= 
T Sltpee 


on 
NC pprenaeredne eau 


a 

on . : 
' 
» 3 
3 


€. f 
¢ 
ve 3 
2 
* 


gS. ST Be ae ee oe ORE TR. OSCR Sse See, a TR ew eee Se 
: Mrocmuntor eggs phim ae eNews Se iB af age ee Be S : . o | 
5 
ae) 
: 
: 
i 
H 
. 
C1 
8 
< 
a 
: i>) 
¥ - ore 
‘ on 
: °o 
‘ 
i N 
) ot 
‘ ‘ 
i 
i ' 
‘ 


ine pee ey Greg we 

ager gy Sy 

A ‘ ws PB F 

Kk iy tease ° oy 3 oe 
Si eeiacien 


we ee ee ee 


: : 
; 
; 
i | 
' 
. top 
‘ Daa 
: o Bo 
; x 
i 
4 
¥ 
i 
i ‘3 
a 
o* } 
oe” 
: # 
| 


rA* 
Ne 


Denney, Pw: 


be 


ae 


NO. 
En ea Mente 


NOZZLE NO. ASD-352 


‘ pe | 
‘ 
7 ; nm ‘ 
° M 
‘ 33 * 
a 
NE 
att 


Olay eed ow TANK oF SRL Ot a 


APRA Mente, 4 srg eottine wage . 2 ow . < " . : n 
fee: eS on Sa hiG igs) aC Mage > & ee aed e 8 | 


ra 08 wh eae ‘ 
Sa a Se 


ESN Si NR | SR ee AA ee, 


RE PS eg eee eee ata Ste - ¥ We > 
LOTTO ig | LRA TM PEER S Co re ENTREE REE ITA Rh oe re Be a ee 


hay 


ee 
Scie 
Sl ane 


: wae . 
: " ‘ ae: 
; m: y, : af - 
Mie ate > Ser s a 
> bd . Ca io oe ° ?* 
: fu < 
é Py 


: 
= 


eke 
wk bine val 


7 
\ 
2 
2 
Se fe 


v 


, 


ity 


as . 

2 ge, 

‘ h » 
Baas ee 3 i 
A ss 1 Si vas 4 ‘a 
4 BE | ee ie tien Say 4 
er : ‘ 

oY a 

nie ; 
7) vt 
nf bf 
ta 5 es 


vets & 


‘y [=] : oa 
{ o J fe , Ss Dy Sat Bat 
} ~m Spa, band 
j t af 4% 
‘ fd ey be 
ot 
{ < : ‘ 
: Pi (S = 
i 2 ae ° A 
{ ° “aa 3S sm Sie 
S wi == atte 
at a ae 
‘ fe ar - 
4 it ‘ =| ¢ 3 
R N 8 a a 
=) 3 ee 
: 4 ‘ = 
ay 
+é 
PPO oe GED he ey 
Re PEERS BREE ERR Rae See PY Pee : Bone wots ee aa : 
O° @ecten dS ‘3S go pd Se eke ee ne gS ee eS 5 Bi Stee 8 eR ie cae tig ae | BR pe Loe te . . 6 . ; : : 
RU A Fpeeeice SEA IR gs ashe EO Sate “ye he mee “s Bye. - . rs aed 4 1 : 
. par ted oe a eae Ve ur | i SATS 5, °° of lh ‘ 


‘Eke 


aS; ee a we nee wae yen re 2g i dae 


7 weer, OS 
j SOS TE casipen non bere wilting ee Ew Bi SF A 
ca iygagst Armee iar aE = RTH OF were yk : 


"CLOCK 


12 0 


~ or 
%. 
Poet 


~ 
rasenln 


¥ 
% 


Saved 


ae, 
iS 


Le 
at 


dew oh &, 


at 
wena 


be 


. = 


¥- 33 


390 
of 


Aue 
ASD- 


ae 
ee 


TES Re A Fe 


et’ 
na - 
; Sp sce: a: 


{ 


NOZZLE NO, ASD-382 


i 
NOZZLE NO. 


3 ~ 
‘ 
& 
¢ 
1 
: ‘ Met Reet t sa ¢ “* ete % H 
i 3 or rare Bs * x 
~ iat aa a | At re a aaa ae : 
SPER See ge ON Oa TO if aoe e Sao ee te OR a SE ES > e: e ov 5 & x 2 Sats s 
: ‘ 
: : j ue 
Beir saduygamgsengas eg Mee Bee re, xh ct Bis” ia Gos, ‘ . a 
ines %°? > oY, ee aan ee Be a OR ane 4: % : ‘ 
i Fe ote AE e Bg I ite ‘ : 


fet ay renters gon ng. erase i a Ae 


re er! MEE oe eae RS, 2 OE TA vam 8 sos 


. 3 
aoe & ena Ae yee Pe cteosneny “ woe me pn ney ote ny ess Poteet ae = : aaa 
: a tte Freeper ny) ; ore] oes t 4 Oisy é 4 4 y 3 ‘ 2 . 


"CLOCK 


12 0 


12 O'CLOCK 


¥ 
Mae oy “s 
PRN SRL 


¥C- are 
3 < 
kane ae 


; 
i 
' 


& 

« 

f 
Loo 
Fein 


° 


ee 

t 

rape a, 
sewtSoik 


nL 
toni nn rime, 


392 
at 


ASD- 
a 


Fare twee yet on 


x0 
fe 


FER ee 
anes 
ie 


NOZZLE NO. ASD-391 
NOZZLE 


Pi 
+ ~ 
« 
apy 
vs 
° 
.6 
é é ‘ Z . 
; . gee ca! 
doy “ a : arg: © ‘ a Magee 
ae Ned Goo a. ee ee, . 


ars wort gare me sa 8S e.g ae RE fg 


se cpio mente geal, yas Si gat ny oe se then Sn FE 7 3% 


hence eerempraeny tenement sen tehinenRme rpyiny pe nee opera we Faeyr the Re meme ara ee BSre Peis a 
Ay manny on ee ve wit 


R13895U 


. x 
Oo 
d oO 
5 
fo) 
Nn 
rt 
n 
mS 
& 
8 
i 
fa 
| 
, . i] 
as ays 
sale t a 
off a 
| < 
8 a 
4 re 4 
is Pa 
3 - 
; “A 
; gulf ~ 
* oo ond 
eal Bi P| 
nS 
¢ aa} 
; rt 
Lae ¥ pe ay 
> q 
7 ao R 
p 7) 


ASD- 


ball 


eo 


SY » 
5] 


me 


NOZZLE NO, ASD-395 


NOZZLE NO, 


ee ep oo tm Ga Gf os fe 


2 - an 4 
‘ = 2, ca er Ve ~ a . 
Se : . & 
a iiniy ae 4 pea ten Qynens Pigg te AI ME 7 r Y 
ecstatic ans ante manny mens eg? AB , a 
oR i a ee ae we Z re sia 
Gali FARE ono BP Re OS > 


PR OR ene ge ee CO ae ya: eee ee 7 ae « . 
Oye Pig tek, Oe. ee x om wars é Files S ¢ mons 
eset errata ngmcay a ee aes aR ae as ene Oe ‘ cy 


Peat | 
sgt 


R13896U 


CLOCK 


12 O'CLOCK 
t 


12 0 


ATHY 


7 


ts 


HOe 


F 


ee ee EET ewan | 
al shal cad 8 = 


~ om aay 33 
uy 5 r ra 


Lt 


“ 
& 


Zz 


Le 


i?) 


Be 
ae 


TROELLE ASD ANTAL 


FIGURE 174. 


St, 


leeed BC. 
aE TS 


saat fh 


oF, 


i ca wy My aww 


wee ye 


NOZZLE NO. ASD=412 


Par toe SAS AAS gee ig teot ge ar 


2 36020) Nap ae . * 
tebrcOercties Segre, mere Boa ks yy gree 8 n 


BEE BE. 


i 


12 0 


sf 


an 


7s 


Legperwwcd Amassent 2h : 
= 


ray 


$3 F553 EUS FLSA 


- i 2 Seca ® 3 ” 1 cuisty Mass ps ‘ ae : ne 5 “ : . 
SOR ee Os BO Cn ye DB as pamnnne BQ nw Rt Ro Oe NEE Se “YOR : . 4 


Ci) & 


ils Petia PO NRO TET PO ee GED AES et A A | BE YS OK og * ee ee ee I ae Te Re a Ee SPE a Rt Re Te eS EPEAT . aN NES ROR 0S ae aye 
wo ays Badia “aM, Wat Ree $,) ae Betty ee QF at ee ae of 2 Bye as i Beis aes Se ages hh ga Ace eins ei! Pes cette Mig es wen gtk 
Pens p S34 Beet BWR Pty - Eas 7 eft bh he, a 2 me . se 55 , P . . a ae ; = § 
4 TEE F SOW FP OEY Rts» BA ea. Se EP OS Saag wg, a 2 acl Shae Be at EAS . 
mt PSG BI ee Pe nS CLO ER OE OB Sey ete a 2B fee Ge Qe ae < ee : 
F : 
* * | 
4 
: 


ore ere ge A 
Nes Jie aa 
y H A 3 
: ge vi By 
i Sed Rept 
. 0% ee 
‘ $ Sy : 
3 ah 3 sete 
: Fos et 
; a i Se Sey 
F g at 
i ¢ ee 
‘ 5 2 ree A = 
+ ay aang 
‘ age g ee cs, 
i aaa eft. 4 
+ 2 ike eg 
ny ks me e, : 
SY Fip® ° 
4 F Pree 


Wr bmaee worthy 


f A gl 


» 


HT Rem We BAYES OE thes A 


ye. 


. 
> 

” 
Beem e 


“ 
mre Sete tested Tekno Wee 


ses 


aes 


S 


Bath 


9) 


SoeReedee. 


° ASD-42 
Retibee 


Raine 


+ Seem A A te ee we 


+ 
oy : 
o. 
on rad 


of 


NOZZLE NO 
NOZZLE NO. ASD-424 


Eis Ree LS y cee 
¢ v 4B ae ane ~ & 
*s ‘ my vy 
é 2a FAD BS, : » F 
4 Sete: NO REES. Oe Lee 4 : aon iA 
Rerheceucce ees 2 Fs : 
t 
7 a 
f 
A 
F ‘ / 
Deere ae 7 bas 
we Re +6 ws wy . oe RE dosed sot, las dis at fa xe ‘ car ; 
ae are S KR Bw Be Sah eg ia SO eR a ee Pat A gt pe Oe as SRS ae Sash Fo ee oy : 
fe = ey 2. x 
. i. > 
. w 
SPE irae See, MAIC AN php ag ror gems hye SES ees .“ ~ eee Ps 
Brore {HS tee ey ates Ue a oS k ° $n re ‘ 


ie ~ a 
4 € a 

4 OS) Big Oe ot rs “te ~ x 5 

4 aces ee mee sat pe oS as hs 28 : 

‘3 A ep eS a se 5P S TAT PR Se A Fr aL ae tr te ate i TO RE SR RRR FR AU Coir eee Or TT OO TEN gn ee nk 


%. 


HOZZLE NO, ASD-425 _ aoe - se 
12 O'CLOCK 


| 
pieces a luriertoe hseaae ie Fe ca 


enna SrA ial mania ipo airs 2 nehyenpebencnsses 


el leer een th ance eam een oe rea 


ame 


oe» uy Y 
ay. ee bw es ee 
of 


4 


‘ ae 
aM ash MLA Be te A ase 


‘ 


12 O'CLOCK 


8 


y 
> 
ON nas os ON 


Fi ba i . ~ . 
as © ae 
A ° Be 
! . 
$ | 


2? 
neseing 
¥ 


2 teen oe 


7 


Se ae 


wy 


= ia 


rg ag Nga ae 
nhnneinea nd noble tee canny wo se 


shes 


” 


sd GA Raa ss 


- 
Re Si daa 


Et ET tT 00956 U 


FIGURE 177. PROFILE AND AXIAL NOZZLE: PHOTOGRAPHS 


meron nee oe Yanna mnie 


we 


241 ; 


in : 
i 
3 ae 
3 L 
y t 
E _ 
4 H 
: 4 
: ft 4 
a } : 
E { ; 
a pace emanated eet ae - Soe + -- + “ : 
eens * = 


a! 


12 O'CLOCK 
F00957 U 


2 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


24 


ps 


FIGURE 178, 


? 


7436 


| -NOZALE NO, ABDo427 


WSO Pate iD Bie 


oe 


mee ere =e 


om 


. 8 AS age 
wf” 


om, ae POUR : 


; strech ere 
* b . r ° Pim ee wan . a ra = et 
Big Ne SS 3 4 ‘24 Me tt aie, 2 ee PEE 5 Carer Ra % ; 
6 


Miya b A 
yk fee 
‘ 
: 
: 
f 
‘ 
‘ 
4 
! 
i 
i 
\ 
g 
2 
ef 


aL 
ORE 
ae 4 
a pie tied, 3 
: 
: 
eens 
ro 
: 


‘ 
i 
> 


% 


PH 
PSS 


Soeiie Hossa ee 


Bee He 
i 
' 
| 
d 


PGP eS 
ae” 


HQ 


12° 01 CLOCK s 


F00958 U 


FICURE 179. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


a 


Sa ae. SO eeRe. ae ie “3 Se RN ARS DAES SIRO ue EET Ere I hed Siete tga S ie a * an a re Cia ote y ose 
- ¥ Lote 
‘ $ sf . soe 
: aoe a ! 2 : ‘ May 
1 : ¢ L 5 m5 x ‘* 


TO an ES SC Se EE = Se RR, ie PREG BOs 5 oa apes kaaltag och. Erase aceon aes 8 Si rae aah! BY Paget A Se ae ere ene 


4 


“ton s aleaateedad 2% Terme me C paeniinintenin 7 
iy Ga eed. eae OC (AS ee A ee ae See ee ee ee eS Lees ee 


« 
‘ 
« 
t 


| 
U 
} 
{ 
f 
} 
: 


FO0959 U 


Am a oe 


244. 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


mista, 


: e 
: ° 
: 6 
' ri 
«& = ; 
; x 
‘ fe, 
7 
4 
e 


ca 
REY AM Pr 


“at 
ies 


a at RTA MG Shee 


Sag oe 


2 > vat 
Batti * on oN Nes 
S, Bike ee SEES A 


: . 
Ka : mao uae fo ys . 4 1 th ae > : Bh oss ee etn ate 
a? ee, x : a © es : ; ~ waa tenaren 9 lee Rin wegen vont eo pea huis Cue iP aaa ee wee ne re ard Mah nee Mee les es: 
; (ste Rena hp christina cate OA At gto na ran cy encetbeal urelisnarh unaired citonns tenancies a wewitmane swemustoerenme Kachin Ann asin tants =the . — 
o? athe one “ z 
. ‘ ae ® 
t u ‘ ‘ 
ee a ; * i 
Py 4° ¢ 
Sat Ga . tof ‘ : 
é ' . 
‘ y 
. : 4, : p 
1 1 \ 
So 
K ' 3 
' An 
, Oo 
- : > 
: iy 
* 
a 
i 
P 
v * 
wa 
: 2 : 
| - 3 
pO 8 
| 
6 ' . iS 
4 ’ 
: Be 
| : Bp oad 
: ia 
y ' BS 1 
ra 
: 
i * £ 
. Be 
% 
; : nN 
baa 8s | ; 
ee 
! . x 
t te 
4 
’ 
oa a q | 
\ & 
‘ ‘ ‘ i 
i & 4 & 
Q 
; i ant 2 : . 
‘ ' . S ; 
4 i Brat ty 
oe B 
, ‘ 
4 oo cit 
% iP ays 2 
: a ; pve mee Oe = 
Ro & F 
iS < 
‘ Y A 2. 
“ i ‘ RM: 
‘ “4 ‘ 4 e 
~ ‘ tok 4 / . d “ 
4 £8 * ¥ 
‘ : «hes 
| 8 | 
= " 
fo . = 
is a : 
- a q my 
; rt ‘ : rs) 
‘ “ : ; ee 
7 roé : ‘ : ae a ae > 
: x : 
bare: sy ae oe 
e yee 2 ; we SEER MIR oo . ; 
ee 
« nt ‘ 4 


Meee soe yg Baca s Bne geY 
¢ s 7 ; 
Zi dg Res siniin dye 2 iin Megs fees 


aapaaaieac: 


Pei ays RP at Saatcs Bie ae 


SIT SET he SE TINT NE TUNER API PES 
eciae one ‘\ — same 


Scam atal 2 RMRanaa cok 2a ek: ee itd ie 


ME 


ee 


«he we 


MET gS 


aren Dy 3 
AB Ye RELY Hunde > 


<, 


NO; ASD-462 


1 BOOB 


ER fh Se 


© sor Ma Lady ky 
Bee eA aye tetccme Yoenmngetys at 
: ; 
‘ \ 
« 
* 
gy 
7 t 
‘ 
‘ 
' 
\ 
x 
i 
' 
* 
t 
t 
1 
« 
4 t 
‘ 


12 Of cLOcK 


ieee wow 


the Uo ae 


‘ Ab sige ab 
Woe wy PSS nae Rh ER 


iesand:” Raed en eaee 


4gyooom y woe ™ vanes pent 
ht hee Reg 9 SoKwie ane Rey. SERB 


prey pore eae een poste s 
; - od te & oe | 


we wd YAO Ree 


~465 


Da 


ay 


* 
Pay 


HozeLE. No, ASD 


Ms 
» 


a tefl ARIE NY 
ha oe 


te = 
o aT | 
= R 
‘Oe fo) 
” 
ros & 
Oe 
ot 
> Snagit a Pe a 
wf o “ yey ge wie wer te mS gp SH 


SENSES 


‘Get 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


IGURE 182, 


F 


ss pe ttnomtaney at ay wire SS 


Sues 


246 


ve 


“ 


Xe 


' 
3 } 
4 
hg . 
“ 
a 
’ 
< 
2 
” 
a 
© 
¢ “ 
> “ 
* < 
S. « 
Sey, 
ewe S 


. 


‘ 


+ whe 


‘ 
aa 
4 
by 
° 
Pos 
* 
yA 
x 
toot 
a 
ee 
a Se eA ts 
Oe es tg 


oer Ss Poy t o 


, ASD~466 


“NOZZLE NO 


a Ne a ea 


Mets ay MN A Pigg 8 Fee, 
6 Oe eee! PR oe ea BY oie” Mee ee 


sp-472 


NOZZLE NO; ASD- 


ga ¥ + 5 " <> ~ asa rd Gen * se 
By cy feats Fea R tant fie catan dog eB ante iets. aoee eee 


u 


F00962 


Gp Seen «ee en Seine nines erie Ane en 


seule Hy nrkakines eo i ene eater ear: 


AXIAL NOZZLE PHOTOGRAPHS 


PROFILE AND 


FIGURE 183. 


247 


SERRE Conger tareemrrnnrmmnenas aie atetmemen iat SE anes 


HOZZIZ NO, ASD-473 


NOZZLE NO, ASD: 


Ps 


12 O'CLOCK 


pee nee ee 


F00963 vu 


FIGURE 184, 


PROFILE. AND AXTAL NOZZLE PHOTOGRAPHS 


248. 


Rpts Seed 


«BOZZER HG, ASD-476 ~~ oe : 


in Dy bie 


¥, 
., 
ca 


an 


i sg 


a ee 2 | 
3 Rey 1; vo S a 


ey 


FIGURE 185, PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


welts men 


Be 


“ 


eo Ae 
ete Sette, mente kontne 


249 


RE a Pin AS OY a” il a kt eee AL LR, ee oe LPM a" OES S SE fla SE Re Raye MEE CORSE Rn EERE 
WE ep gg ES wan? TR er aiete as Ba RE : 
BF BFE cake cne ae: OBER os So ORS Dae cB 


“gt. oe ee 
Sate PgR MRE gs OR MAAN . 
Pee ak 7 SBE Po, Vibes, Snccaness 
my 


CLOCK 
F00965 v 


12 0' 


PHOTOGRAPHS 


PROFILE AND AXIAL NOZZLE 
250 


: , ‘ 
| _ 
. | i 
i yl 8 | 0 
by < ! ; 
5 eo | ‘ 
s ‘ ct i 
faa | 3 
. : . & { . 
ot & 


= 
* 
4 a 
‘ ; ie xg | 
en 3 ro) | 
faa . mS. SS 
* £9 ‘a : 
¢ co) << : . 
as sy s ie » 


Be? 4. 


ote on ye Gee 
tp bares 


12 O'CLOCK 


re a ae ro 
e “ 


12 O'CLOCK 


? 
vor 
: bans 


rss 
Ned 


xr 
4 
: : i 
os 
m4 
J nl 
a vi 
é& 
i : 
; 
; 
‘ 
= . 
E 
; 
* i 
~~ 
a” ‘. 
; * 


sen te 
es | 


F00966 U . 


er 
— 


FIGU°E 187. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


SPL 
Pe ay 


251 


MaRS nap ~tonsbarapetgis 
eee Ie meng ne os mt 
oe 


Sia epilepsy Ret Sltowe | artisans atte nmnmerem mee fan meee = ~ os oe Weta RE AS ae sates Ge BAe bas. # ee Zi: Sr Bees. «See Sod 


Me RNAS ON I 


deren ot Se Re ey HE se Stn I Hatin te 


cen ae 


em me a 


Og age Ree LMR edt tan amgere ee 


“NOZZLE ‘NO, ASD<485 


SHE ECCEERN 


NOZZLE. NO. ASD~486- 


ap sg er , 


gia ae eee 


v Bex 


F00967 U 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


FIGURE 188. 


252 


eae eT ce ee ee Rr enc pr AOE I Spt DNRC LTE Ce CL SRILA REL AMIE ALLEL REL! A EAR LESLIE LAI NI a. * 


7 

fod 

“yp 
¥ 


7 


ae 


NOZZLE NO. ASD~487 


Ree 
# | 


desu sins ruck areas RENE 


2. 
titel 


oR Se 


12 O'CLOCK 


ws eat tien 8 


ae 


eons 


ate 


i hk o., es 
ad 
S 
” 


—_ 


12 O'CLOCK 


Pete Fs 
oars | 
apres th 
ce cmee vptece,  Caiipmin bape ermine ae A ry bhai ert pet A ERIE LEE A AOA EONS BOOED I Oe SES 
oo peercers oa 


aca] 


i 
, 
4 

“9 
* . 
: ; 
Age: « 


hiss hebad ODN 
aq Eg 


F00968 U 


i 


mag | SS 


FIGURE 189, PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


ee 


ce sone aang: os Aine eine, A ame ee A 


253 


Ao Sindee tos ee % 


Pas ae ed ny a 
rate G Caden 0 Li pet eg Bh ead ise £; < 
~ TR AE ee eee a Femmes 5 mea ey 8 Ae ay Shore Army Nn eae te Rut Oe tls erage mete Moe A sat vin er ee ege 


RPA, =" 
A raratpyaatraser 


% ESP ‘ 


moe 
pciencs ie 


“ae . 8 
OT Annee 
‘ 
r 
bed 
, dere OR ; 


~ 


Ks 


NOZZLE NO; ASD-492 


ie 


sous) 


Po | 
sn, otal 


ne, a 
aS oF 
“ | ; : 
< 1 
ad r 
‘ 
ral 
"| 
: 
od % 


12 O'CLOCK 


af 


ns ee 


F00969 U 


FIGURE 190. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS _* 


rete ne pee arte me AE ye Sma Ee Aa A me nen RR AN Ae ae erate ot Camrmrnaritiren, 


12° 0’ CLOCK 


oA eee crear inanimannitnen sAanaatinysn Minna an saan 


FQ0970 U ; - 


as 


FIGURE 191. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


255 ' 


z . | 
| | 
. ” ! 
i | 
! 
5 
| i NOZZLE’ ‘NO. ASD~-495 
1 (BBE bOURmaaeE - 
a 12 O'CLOCK , 
: & | 
| a: 
| ia 
mt 
a ’ 


- : ~ ’ 
cp gs OP ERERUT I we TES we FERS ge 


i. Qercaad 5 caer C3 ea te ees pele — tw od een oe “} $< 7} ree eS 1 es - 3 or Raat : a rea 


: 
ro) 
rt 
™ 
an 
Oo 
Q 
al 
<2 
' 2 : 
, 2 
[oY ‘ 
4 
' ‘ a 
“ (ee em : é rane n> o : 


4 


eee sete 


FIGURE 192. PROFILE AND AXIAL NOZZLE 
256 


497 


ASD-496: 


on > ~ ae = 7 ot 


, ASD~ 


NOZZLE NO, 
ize 


BECEEEEEEEEEES 


LE NO. 


NOZzZ 


pad 


ETA tLe mA A, ST SS 
PEIRER™ aaa 


o ef - ~ \ 7" pate prasineat We aoe 7 ge aM ear 
| ea 


© 


Kime et . 7 * _ 


Ff Sa at a a SHEE Hs arr . o 
Sy Maye ' oe : 
Sple osehalte Sope a E eke cece renmmnreanccnitonim polite Se crag 1 terra ceerkastinactonins Bier rN aintan rian My omer Bait soar rine oh Youn, welt Renoniin aS soy cer permeate Fe ¥ toe oom eam ene OO ee me ee 
: > 
= 
. ss Da 
3 ° 
8 3 S 
Upne 2 as 
> a 
s 3 
: : 
= 
vy 
SI 
N 
So 
ma 
w 
i s 
Ww 
N 
SI 
. 5 
os Hy : 
: a : 
wk c a 
. © : | 
5 
. bn] 
Cee 


wv 


| Nozziz 


NO, ASD2499 = 
SERRE: 


r > 
ie se 


ee ee ee ee ee ee 


ea 


Bae Ss Ge Ges 


. an ait 
“¢ ha sere tentgy elemental decide srr tg 4 PASS 
o 


sarge x a DUS ai oe = So ST a ae ee, 
= Pe Paz ce oid ge ae rm 2 oP ERS Wy os \s aT FEN papekihi aca hii i . 
: 7 ERE oe Stina eataapouct. feng ESE Big Mle Sa RR a Phen A 


‘ 
if a ee bt 


Sa a 5 = & 7 & 
at Ss 
ra oral ae >, 
2 
4 s 

“a ON Me IK nye 2 t 
Fos EZ PRE Rt i ee “ os i 
ey —< eas ke PS 28 


SN, 


Sy, 
gh 


ew: 
Re. 
t 


<3 


R 


3 
x 


ae. £ 
pa ™ 3 
wo 


RRS 
60 88 


» 


NOZZLE NO. Abr ~79; 


gx: 
‘ 


¥ 
Hksoset pier? Yate 


3 
n coo 
o { 
Boy 
Rj. ae | 
i 
af eat 4 
ing zl j 
: ee 7 
a 4 - ‘ 
: : 
‘ , 


wes eens 


c. 
€ 


Tic... 


PRPC. —_ 


F00973 U 


Ae eee 
bord 


FIGURE 194, PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


Ta 

> 

v 
> 
ye 
2 
2 
s% 
. 

> 
‘oe 

| 

{ 

4 

t 

' 

. 

L 

| 

st 
& 
‘ee 

3 a 
ier 
3 
Bas 
ad 
4 
> 


¥ 


=a 
* 


ra 
$ 
, 


ee 


PE aA 


= 
o: 
Roe Be pore 
ta 


CUR 


_” NOZZLE: NOs Asb-502 


2 PP IRE 
> 
OB a 


ESS 


are aan 


12 O'CLOCK 


wR SH Fe 


a 
en 


ale pee e 


s 


3 : 
Ne 

& 

\2 

¢ 


pf Pe 


Ay aes F7 


Sy 


ee 


q 
es 


4 Matt G 
Hera ods 


mH 
Res 
5 


12: O'CLOCK 


er ar 


coat 
teens eae 


rere ne 


. 


aires EES 


Tl ke 


F00974 U 


FIGURE 195, PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


258 


~ z 2 2 2 
| i pen ae Ap rue cg ane Saget A ay ain carer n EN NACI ROE OEE NIE EAS TIE 
‘. ces ~ ~ ee be OTN a a as a ee ee . 
| eratOn Rm teet weet eh 7 as a> ‘ 
¢ 
\ 


aia 


0 
: 
, 


NOZZLE HO; ASD-504 - 


Si 
; 
x Se meh 3 


Ph 


12° ‘O'CLOCK 


a 
; 

2 af 
x { 
o wma 

y a 
> 4 
=F 
Ec eeate ~~ 
e a 
Se id 
% J 

a3 


ae | 


tot 
went i 


12 O'CLOCK ae 


00975 U S 


FICURE 196, PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


i ee lieth ake ia m toes sy lei 2 Deas eg estas big? & ees x ene Ke w Bee & a : ae: ike ee 
on | 
is G 
a : : 
ass ae a 
is NOZZLE NO, ASD=507 : 
| sg Ei oo scan 
at 
i 12:0 'CLOCK 
.o 
x 7 
i 
a. 
ie : 
% 
Dk 
it 
4 
{| 
{| 42 0 CLOCK 
l R13890U EO! 
FIGURE 197. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 
| 
U 261 


BR pega mein os re REE Gti Gagientrenbnih iy olen 


wot 
- 
« 


00976 U 


F 


own 


12 -O* CLOCK 


262 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


IGURE 198. 


' | z . | . 
a _ fu 
_ A | 
26) a 2 
: el 
4 E 
ik j aa 02, : 
4 4 : 
a Bae 8: 
b's) Cae 3 'N 
ds oe S 
4 . ah % 
jee J ~ 4 4 dood of 


a 
mee 


& } : 
o ‘ ‘ 
+ 
: : y Me i % <53, . ys eal Sia ee ast Saeentn Ser ene 
‘ c : . Gs vous se . oN Me be OY Tg UMY 35 Hie Saas ae ee RA a ch Oe i uae ay : 
se ee eS 6 : ad © Be De woe ged tea ® B ak Ripa te Quart ay Bn Sas hai A A at Bete iad h ROMP Na Lepee? wert eet San ah , z ‘= eA Ae Ne os 
‘ ort Re oo GR. s Ron s 2 eR RRA AE gor Ceti OAR 703 aad ? 2 fet Wert ah me a Fat Ate a ee lee BNF oT Ee eee ate ele ee ety Sere 
Pee ae td COTA MAS Atase te Oa BS Eee Bry Meese $ : : : j cts Mba, Salis 
wes _ 23, isa eee s rae er Le rot = =. te on » sre at ae Ol a 


ERS Pe rE IE ENG LAT i ERATE oe ERB woes EPRI PST ERE EET ge CER pA re EMign ne 


6 Peon te ee 7 = ee rn cette revmence atanemime AN mate Er 


oi Theale 


> 


CLOCK 
¥F00977 U 


12 O'CLOCK 
12 0 


aA INGE OR Saas. treme 


ceases oe RRR AE se 


263 


Oe Sinan en pt ae om 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


i 7 
» : , : 
i : 
f o 
ig 
| 5 
“ : » Kw 
3 = Hs Fe 
. 7 ae P | 
‘ a j 
‘ ue a. | 
P ne | 
; 3 
- , i N j 
= < N : 
‘ a 
ne 


- tee 


DUPRE nw ae eet 


2 Re 


see 


we 
ze 


Das 


SHR « 


RBar os 


12 O'CLOCK 


NOZZLE NO, ASD~518 


P ae 


Py eS ag Si «crea oe Re aE Me 


Cn MEME oF BronnagRNNTS or 


eS ad 


KM 


er» 


om Ne 


‘ 


PRIN ee + 
a “ 


es 


vo 


NOZZLE NO, ASD-519 


12 O'CLOCK 


E 


F00978 U 


AXIAL NOZZLE PHOTOGRAPHS 


AND 


PROFILE 


FIGURE 200. 


264 


nitenetem niet gti iinet ahh are em A ee 


ype power ee a 


Ee Ee eee 


< oe OR a4, *® te 
Bene bite = gece the Se ae a A kn 


NOZZLE NO, ASD-§20 


12:0! CLOCK 


Lecere} 
ue 


W 4n2 6 


a 9 ta 


a ae 


ee ran poate bee Re tae 


mot | ES 


Rene, gots 


_& Wee wat wien & Pesos 


NOZZLE NO. ASD-522 


feed 


DR ie Sere de SYED Mna se  poeeeO she Saar can 


F00979 U 


12 O'CLOCK 


265 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


FIGURE 201. 


19 /{ UGS De es Seay Ry SN 6 


— ene oe ~ 


Ged feed = Coed = Ca Go SS co co 


nomen 


anatase matte NSC ot me 


haen 8, ‘ 2 
aka eee : 3 eos 
. me ee ete, Sh ox rt Be tad ee ee ee ee ee ae, oe ers 
: ; 
: 
at 
a * 
: 
4s 
i 
a é° 
5 ‘ 
a: 73 
3 *. * 
_s 


NOZZLE NO, ASD=524 


s > 
q- f « 
Bey 

* 

4 


ye et aa + 


mee 


natadundtitodame:Datberfeayh? ye 


2 bs a aha 


we 
joe 
ay > 
$48 5, 
a 


> 
Sy 


NOZZLE NO, ASD-526 


ay 


bea he 


es 


wee 


Sessep cepa agedh 
t ’ 
be meee 
2 dt ikl tn ricci inn 


Te a tated a La 


F00980 U ; A 


J a 
FIGURE 202. PROFILE AND AXIAL NOZZLE PHOTOGRAPHS | 
266 | 


ETN eS Rt penne 


ees 


5 ee ei clene aia RT Sn 


seeenecemiemetiamicienda toate 


Tg eee a Ne OK See 


— 


Se Cr 


NOZZLE NO, ASD~527 


12 O'CLOCK 


| 


NOZZLE NO, ASD-528 


as 


12 O'CLOCK 


Pm 


00981 U 


Ki 


PROFILE AND AXIAL NOZZLE PHOTOGRAPHS 


FIGURE 203, 


267 


PETES ROTTEN LT IR BR tet > - oye - wee . ae oo Sitges’ 


~ gry (eae BM gs Bagh Ge ie bead boa one . oes sand iy ha “ ee 
t emer Dicer et ee] ercrmeene gee teen at ae | © raw BD te 3 es ee i : a 7 : os ° 1 a, = 


Tessess 
shasen 
i tietaund 


enone: 


ae Shai 


Pra 


R14190 U 


FIGURE 204A. TEST-TO-TEST PROPELLANT MIXTURE RATIO AND TOTAL PROPELLANT FLOWRATE 
268 


sssets 
ty 
Seststttes 
besoansase 


Ptet? 


335 ie 
: HH 3 


ose 
Otsbase 


rH Heit: SSee 3 ' ee : = é sgtsssese: 

a ae ee eile, Se 
is Bette ane 2 Rea Decne ett esti estzeeM 1 4 oH el edie Hitt 
| Hep ei oam est nj tt a Eas Be 3 zie eae al RE 


a ace eT 


ral 
3 
Seees 323 


Stati 


Seeee. 


beeits 


NOZZLE NUMBER 


RESETS FE aH 
‘ z Ty oe) 
HH ee ERE is 
‘ oes . ee 
. se tssesssel ys aiitessesesess testers tes 
sete eT tite 


eu Mer ee es em cE 
tail 


a9er 
C373 


ne REG |G ore lteartay amen ee ee PORE ae TES no ne 


am 


oowa: 
+ 


FE: 


ie 


VARIATZON 


°Q >) oD 2 
= : is] 

So wy wy 
~ oO os “ 2 co 
g = 
& fe 


OLIVa AUNLXIN INVTTEdoud” INVIISd0Ud TVLOL : 


EDGES RARE RST EOE OT 
eisai ities lta tab too tise heehee, 


sh ea eieeeeeniaei een 


a 3 ieee 


RB ae RO ook Sate gi Tee ite ee rem ae dE RE RR ER MR ER pe ed et ee oe 


oo Fee OE EYSeR 
ay sae Nite es os 
Sak al biter Shee 


oye 


x2 EE Bee 


1. 700 555 


a Sse 
ee rise 
een oo eee 


an Dy ne 


sete 


EE rea 


ary 
tae 
None 


a 

Eee 

1,600: fo 
seo) He 
jie a 


7 
eS in tert Soe 


my 3 5 8D Ss eS Ss ee es ee eso eS es 

+ 
m 
RTE: 

ae 

ae 

Be i 

ao 

RIE 


at 


_ 


Hat 
i 


PROPELLANT MIXTURE ‘RATIO 


1.5505 
& 


HE 
ft 
33 


t¥ 


Soe 
fe ey 
oe 


o333 


a 
if 
Hit 


1. 00 


ciel eer tT 
Ee et en ies a ee Lab 
Fi eaian eeu aT ee Fuge] Hen er eu Fn eS 
oi ee 
cr ee a eee atl! 
a oo eee 
_ | ee 
mie Hi HB aaa Hest sree it, i PS tel |e a 
_ Hi ae HE . iif 


peat HH i S333 ie Bat 
NOMINAL cee ae ae mata 


FLOWRATE Fie sun RET i retsteH ay 5 


Festi ft at 33 
oo ee 


TOTAL ara 


NOZZLE NUMBER R14189 


FIGURE 204B.  TEST-TO-TEST PROPELLANT MIXTURE RATIO AND TOTAL PROPELLANT FLOWRATE 
VARIATION 


269 


oe 
4 am 5 teed Se Soares nee el =“ —, 
eat eed: Meee? see 3 i eae Se Sire [ey Sy 
? 
peasserscses2 + Sises ° ra ttttit sekse: oe] 
a aH ia be es © 
HE painted] i y 
rt 
mG 
Te 
clseses 
sist 
epetedeseterbepast te ina 
a: +4 oF be bs ue: 
coe dit abe | | 
4 sates biecctesce feck , 
' BE anES 
Fess ot Hie 
BE: 
ct fH a 
‘ ea 2 R é 
t ‘ _ 


: ae a 
tH rate a eat 4 
EerRE 


sell iit 


NOZZLE 
FIXTURE 204C. TEST-TO-TEST PROPELLANT MIXTURE RATIO AND TOTAL PROPELLANT FLOWRATE 
270 


co 


ites 


NO ae a 


: HHH 
peesseaset tess 
escreses 


HH 


ep tevrer cde a Sree 


VARIATION 


| OILVa TARIXIN INVTITdodd. INVITSdOUd TVLOL 
* 


I 
| 


ts 


ae.'2 eI Na a EOE IRL NF i IA A a net natetlner Ses tee Ree A deg getane 


F oo pia 


"8 sean ony, 


Seon amep eS ORS % 
Sate Recta wee engi 


br i, oO Napgesrae 


Bistttto 


+17 tE ane ane 


te eat — Bee ie 


; [oe Set 3 
: a Lal 


Ey £2 
lif 


NOMINAL ae Hi ee 
FLOWRATE aH 


NTO PROPELLANT 


BATE 


-17 


oy fe | 
Bee ti Ee 
BB Ee eee cee ee eee LE i 
u ee Ceara a - 
fi Sn oo eee 
ates an eee ttien eet 

Hal cl aH 


ees ain 
i 


cer 


td Tae Mea 
FIR Oa 
¢ 7a Poa by ‘ t) 


50/50 PROPELLANT 


NOZZLE NUMBER R14187 U 
FIGURE? 205A TEST-TO-TEST PROPELLANT FLOWRATE VARIATION FROM NOMINAL CONDITION 


271 


cS €3 3 8&5 SS €S 8&3 SS So es 


Bs, 


Peet 4 
eS ae 


5 oe By a 8 4 


ae 


PS Terpeagel 


4 


aa Si anton anf eR RENE 


aeons cat gt teak 
owe fo > 


* 


Hee 


A 


ant 


See So 
ai é 


Soy BER, She fig 


WHE - 


Dat alee Shc 


mg 


SAME ARERR RR tare 


Se gee 


= gre. 


eS retennin ditnnen 


yg 
eae aartieartetinent teens cane Ca 


4a 


ie peern e pen . 5 e 
Seen Se ee Bie Pewee hs AO GI a a Gx kg Fn ci ee a 


tee eee 
ae ae 

ERE Me RB sth: 

yy Eat et iat 
aybitis ue , 


NOMINAL ia ie 
Ta ee S 
ae See Se LEE ED tae 


NTO PROPELLANT 


Sot te 


Ha 


ist 
ee 
eee sae 


33 
i 


: 
i 


$3 


ie 


ee a. 
He ee eS 


i 
Ett 


a ao i 

HE TR ei ee te 

ae 
Lee _ eee 


|. 2 oa 
ae ee 

He Ee tesa Ha PasnnesTnay ie ia ee 

oo ao . Sa ER 

oe 

prety 

< 


TIEN 


a 


sees 
Sesoecoces 
gaceces 


ata 
Seenmcses 


Wie aa 


BH 
$3 it 
beeaed 
a. Soe 
Se bedoaty eit Beate 
zi oe 


50/50 PROPELLANT 


soses site 
ieaiteaeraninete 
SSenssesencecss cies 


rere 


NOZZLE NUMBER R14186 v 


FIGURE 205B. ‘TEST-TO-TEST PROPELLANT FLOWRATE VARIATION FROM 
NOMINAL CONDITION 


y 
s 


PF wae hp 
~ Fe ARN ahs Cyt ne maga ae 
Were nee, Se ae BO ITER IT EIU Sir A et EE Ue 3 
Berta ne ean renee acy 


6 he ae 

See BOS: 
ee GEE 
tptatba cate Satins. 


evecsnceeass: 


y euaaee 
” bOtet Ve Pre heen shares bees heer OPER ETD: 
try peovensecsvancedseaccsactoccesacatseisccoseccaents 
pants se SooR one wedseves oe: 
: + SS weeps Ges: Tieicsiitjtdetess 
emi cf re 24 
a one. 


ee feude 
SAdSdprdgtig ieee. 
Poaddsesededénedisees: 
we paeesepeasag: 
eppase 


NTO PROPELLANT 


Hated 
fodteorsdusetsecraceres 


as 


ome aps 5 per 
4 $4 = wenea@eascescess dereeoeres rth tesTtorst totes 
iis i sass tengeabess setesrsizs Po SebSTESb5s tsesecesas testeceass 
+t r+ Succcuscedsoace 
Sasagers Eavegsecsssseseciese ScSeissedsnstassecsers capsstyesstusstesaes 


bee brats tyr. ee. 
eae 


S 


ae 
yi 


TI toe a 


ake 
50/50 PROPELLANT 


gir 
Sree 
soon 


TRE ote 


Ea 


MRS 
A 


Bh 
pena 


R14191 U 
f FIGURE 205C. TEST-~TO-TEST PROPELLANT FLOWRATE VARIATION FROM NOMINAL 


Nretioantomt nde oe 


CONDITION NOZZLE NUMBER 


AE 


Pe 
of 
ae 

ty 


ne 
of 


| % re — i enter 
i a eae 
a 
; : 
: : 
: NOMINAL 


3 


eae 


aoe 
Battie 
seteserares = 


tater 
ewer ae tele mi ee 


NTO. PRUPELL 
3 
“7 


toon 
swoee eyooverees: mores 
' UeDeasse" eSisaeseesesssasecsscesseteeseee. avestuses ase, 
oaee otites Hetitettret enenivnge regres 
Seetesss 
oe 


“esis stain int napa cs aroma hatinne Oa 
aaa | 
ae ans ose 


cond Se SO 


Bee wrt 


prereeny 


17 
ane 


ce ameet 
Heh 


are 
aa ene 7m 

34. 4400-44 
jon henpssonseresen 


50/50 PROPELLANT 


met 
Ren o 


FIGURE 205C. 
CONDITION NOZZLE NUMBER 


ll 
ll 
lI 273 
i 


A SARA Nem Sa OREO RNR DL, LICOER NERC [NE ALA TE is AiAl Sa int atl ie oh 


oe, (ied SER ASAE RS Ok La ee ie cahoots wee Ne A 
“2 zs 
# € * a 7 
% 
et 
a . 
La : 
os 


*. : Sxsesbeals esege boses 

ae 35: Bives 

- pe St gee 0 aehad panes sore: 
faeee ereecht 

‘fs Speeches heer 

es ey ahegees stets eeaaye: 

vs hed 

[¢ Seabees tasks 


ee ee ee 


saptsetsraseses setae gasetesagetesoes 


o 4 
St eo7essse euesuese 


eine hhmbibs 
cess essceshascsearasasctecss sales 


angee' coe : + 
eit utr tpne nett 


Fe ge ETE ee ee 


owe 
i 3 hess een 
LE uae SEKeseeELeDeuse 


SSOR6 Rahs Beaeses. 


g Eegcessoee eescssases 


R14191 U 


TEST-TO-TEST PROPELLANT FLOWRATE VARIATION FROM NOMINAL 


3 
; 


ae 


pga thee 


Ea 


Ribyg ay BARE rer 3 ah ingens NEE pods 


ae a 


Rok 


‘ 


Yee IRA sates cogs 
See nee ee 


2 : aes 
i 
1 ij ‘ 
| | 
| ee | 
| 7 ie Sheba ts: Pasi. st ~ 
| _ oer nnn : 
4 1 E 8G Soames 
i $s49993 
Seteat e 
Ere2s¢ g 
Beuecé = 
ybO°0 st NS 
ef % 
a 
<t 
2 
z 
wd 
4 
NI 
S 
za 
a 
[oan 
<x 
x 
i 
(2A) 
2 5 
FS 
z 
a 
3 N 
rs) 
za 
wi 
~ 
we < 
333 4 
Pini . 
i 
ee ae 5 
ree ae fe ce 
SPEER: -_ 


¢ 
ia inal a 
aaa = 


F beserbeset irs *4] 
sits Sartre 
sso] 


(aNooaS/S1TR) BLva ROISOYa GILVINIIVD 


~274- : 


ia a oer ERA TREY PRR REPETITION TUTTI OE” IF TESS ARBRE. 


\ 
i a 
j NOLTLVZIMELVAVHS TTY ZON JALTLYIGY BIGHIN TT. 2ON SSUAA AlVH AO Sa: a : 
| 
i wre § SEDL WAZ 
eae $0” mH toe reo gor 3% * gar bas Bal tan 7 @r :* qe 7? ran) to % my fet a m7 
} j Paibete i : i i eles 
: i i! PURSE E ti Ratiae aerate Bayt 
eek alae a ae aan 
| Sele Ri cae ; f 
38 5 ei ds ; Hite HF i. feed By a # 3 i andi; i RINE } 
i Bae g i ae Y i ; at - a cae F wi Bt and. tae free t 
Ee ee ae ee aren ae ae ra Seat Tae CE 
| i see UR i Cp eines | a ER eure! Aa 4 EE, da bachaeneasuiat 
i ag ! ! : ; aL aN Ni te T dibbal [tad : d ia u 
: : iy ‘ 
*s ry i E i sar hr te i WE: ia E wy 
i u i Hs i ? : HAP te att Pk Eee F > 
; : Se d Hai att d BY ie : t 
% : 
g \ 
3 } 
i w t 
F3 { 
2 te 3 
tt ‘ Ls 4 Es ~~ 5 
et a : 
| ; 3 | 
? 
j 
t 
i 
i 
{ 
i 
| 
} 
: TWRLE' 80 UTGE-OUT LY Ht HEEL oy | 
¥I5a OST LY | ; 
Vita WZ L¥,, | 1 
WIS 962 “LV, 
20 gr gova_eas sata EE Hee S : Gy 
. 
, 


> Se Seo see ble Cg Sea ROS: os ee ae, ee 


nae’ 


ak Rot SE nee mete pe lean ee ne Ree we 


iia 


en nna ed 


b 


ez 


36 


Se re ina api RRR H os AE ome 


NOILVZLMSLOVUWH) FIZ ON GAT OTH Nae NS GA ade ow tS Fa : 4 


~ie heten boa 


ez ktS woes ete . : . ied : # f pt nein tS x 
a ee hee Eee ea “ia 

CS Srh ree aa eens Peter : 

SGU nMnInte) aA ee : 


cs 


ie 


ie i Be Sota act 
Re Bite S 


NOTSOXZ CH 184 108 
20 ZMIESNEA NIN ow 


EB q 
age 


TUssysee WV . 
IVRLA BO VIG4A ONT LVL 
Vise Ost wee 
vise 30% LY CS 
Vied 2 tv A 


eka Bete 


eos + de ? Bh 


{anOOaS/SIDD FLVE HOISOWA GZLVLIITYO 


~276- 


pees | 


Unclassified - 
; " BOCUMENT COMTROL DATA + RE 


.. Security clecaification of title. of abstract end indazing anrotetion must be antesed whec the overall report ie classified) 


WT ORIGINATING ACTIVITY (Comporata author [22. REPORT SRCUMITY CLASSIFICATION | 
["“Shitco Corporation ee | 
26. gRouP 


Aeronutronic Division 
Research on Ablative Plastic Characterization in Simulated Motor Exhaust 


ay Om 


yen roar RR OY 


oot sete 
weg 


| Newport Beach, California 
E39. REPORT TITLE 


DESCRIPTIVE NOTES (iype of report and Inchuelve dates) 
port 15 June 196) to 30 June 
: R(S) (Laat neme, Hret name, taltiel) 
i Mayo, G. S. 

Ostrow, &. L. 
Mareus, R. E. 


1965 


Baas 


ho Reo OM arty t 5 
Re PERS OFT ay 


| 


“EE? SS 


“T9g, FOTAL NO. OF PAGES 7b. NO. OF REF3 ; 
277 0 ; 


$4. ORIGINATOR'P REPORT HUMSZR(S) 


AFML-TR~-65-2))5, Part I 


= 


aga. CONTRACT OR GRANT NO. 
| AF 33(615)~1632 
b. PROUECT NG, 


~ 7340 


roe Se 


re 


Tae 
ot eS 


HER REPORT NOLS, ; ‘ 
i pel RY NO(E) (Any ether numbdere thai may be ssalgned 


$b. 2 

i ¢. U-3356 

{10 AVAILAWILITY/LIMITATION NOTIZES Rach transmittal of this document outside the agencies | 

t of the U. S. Government must have prior approval of the Plastics and Composites | 

| Branch, MANC, Nemmetallic Materials Division, Air Force Materials Laboratory, 
4 oht -Patta AHR Ob l ; 

UPPL EENTAR 


1 


reon_A 
Y ROTES 


12. SPONSORIKG MILIFARY AGTIVITY 
Air Force Materials Laboratory (MANC) 
Wright-Patterson AFB, Ohio 


ee H 
«al 


g's asstaact New chemical compositions and physical constructions of ablative materials 
were exposed in a small scale, high temperature Aeronutronic sclid propellant rocke} 
motor simulator and a liquid propellant (nitrogen tetroxide - 50 percent hydrazine | 
and 50 percent unsymmetrical dimethylhydrazine) combustion gas environment to deter 
mins the ga gre usefulness of these materiais for hyperenvironmental conditions 
associated with current and future solid and liquid propellant motors. 

Material erosion and thermal insulation characteristics of the research nozzles 
were avaluated by comparisons of chamber pressure versus time data, erosion and 
resin degradation rates, and visual photographic data. 

Research nozzle specimens were exposed in two (2) groups to the exhaust environ- | 


ment of & simulated solid propellant having a flame temperature of 5800°F and being 
highly aluminized. Test Series 1 contained thirty (30) nozzle specimens and Test j 


{ Series 2 contained twenty-four (2) specimens. Test results and preliminary speci-| 
bi men evaluation indicated that the Aeronutronic solid propellant simulator exhaust | 
. environment provided the specified exhaust environment with the required repeatake 
hs test screening characteristics to eneble valid material evaluations. 
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A total of seventy (70) nozzles were exposed to the exhaust environment of the 
liquid rocket motor (NT0/50-50). In the initial phase the motor injector was modij 
fied tc provide optimum erosion geometry characteristics prior to research nozzle 
testing. Test results indicated that the specified nominal test conditions were 


3 


E it mat enabled valid material evaluation. 

ei he Several new ablative plastic composites were found to have ablative performance 

: characteristics superior to the state-of-the-art car* n-phenolic and silica-phenoli 
, composites. 
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